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2  Phosphorus  and  Calcium  Metabolism 

INTRODUCTION. 

For  the  development  of  our  knowledge  of  the  physiologj'  of 
milk  secretion,  it  is  desirable  that  we  should  discover  the  pre- 
cursors in  the  blood  of  the  various  constituents  of  milk.  \'ery 
considerable  progress  has  already  been  made  in  this  field;  it  seems 
to  us  to  be  peculiarly  accessible  to  experimental  investigation, 
and  we  have  devoted  a  good  deal  of  time  to  working  in  it. 

When  the  precursors  of  the  milk  constituents  are  known,  it 
will  be  desirable  to  discover  how  their  concentration  in  the  blood 
is  maintained  against  the  great  demand  made  for  them  by  the 
mammary  glands  of  heavily  milking  animals.  We  believe  that 
light  can  be  thrown  on  this  subject  by  studying  the  concentration 
of  certain  materials  in  the  blood  under  various  conditions,  and  we 
have  made  a  more  or  less  extended  study  along  these  lines.  We 
have  paid  particular  attention  to  phosphorus  and  calcium,  l)ut 
we  have  studied  also  other  constituents  of  the  blood,  when  this 
promised  further  light  on  the  problems  in  hand. 

EXPERIMENTAL  METHODS. 

Our  experiments  have  consisted  in  analyzing  the  blood  and  plasma  ob- 
tained from  the  jugular  or  from  the  abdominal  subcutaneous  vein  of  intact 
normal  or  nearly  normal  cattle.  The  blood  samples  were  obtained  by 
means  of  a  small  trochar  and  cannula  inserted  through  the  skin  into  the 
vein.  In  expert  hands  the  operation  is  an  extremely  simple  one;  it  has 
never,  in  our  experience,  had  any  perceptible  effect  on  the  health  or  on 
the  milk  yield  of  the  animals  subjected  to  it.  Our  only  antiseptic  precau- 
tion has  been  to  wash  the  skin  and  hair  of  the  subject  near  the  scat  of  oi)er- 
ation,  as  well  as  the  trochar  and  cannula,  with  5  per  cent  carbolic  acid 
solution. 

The  details  of  our  experimental  procedures  have  naturally  varied  from 
time  to  time.  In  describing  them  it  will  be  most  convenient  to  lay  the 
chief  emphasis  on  the  routine  which  we  consider  the  best  at  the  present 
time,  and  later  to  add  remarks  on  the  changes  that  we  have  made  in  cases 
where  this  seems  to  be  worth  while. 

There  has  not  been,  up  to  the  present  time,  very  much  work  done  on  the 
variations  which  occur  in  the  concentration  of  the  ash  constituents  of 
tissues,  and  particularly  of  the  calcium  and  phosphorus  of  the  blood,  un- 
der normal  conditions.  In  such  work  it  is  desirable  to  make  a  great  many 
analyses  and  to  be  able  to  detect  even  small  variations.  In  addition,  a 
long  experiment  may  often  be  rendered  completely  valueless  or  even  posi- 
tively misleading,  if  a  single  pair  of  incorrect  results  is  obtained  at  some 


^ 


Meigs,  Blatherwick,  and  Gary  3 

critical  point  in  its  course.  In  beginning  such  work,  therefore,  it  is  im- 
portant to  develop  methods  of  the  highest  possible  accuracy,  certainty, 
and  rapidity. 

We  have  tried  a  number  of  the  methods  recommended  in  the  standard 
text-books  and  found  them  unsatisfactory;  and  the  methods  which  we 
now  use  have  been  developed  by  a  process  of  selection,  and  as  the  result 
of  considerable  experience.  We  think  it  advisable,  therefore,  to  report 
them  in  some  detail. 

Collection  of  Blood;  Prevention  of  Coagulation, 

Our  blood  samples  have  been  collected  in  clean  glass  bottles  in  which 
had  previously  been  placed  some  reagent  to  prevent  clotting.  When  we 
wish  to  analyze  for  phosphorus  only,  sodium  oxalate  is  placed  in  the  bottle 
in  such  quantity  that  each  100  cc.  of  blood  collected  will  be  mixed  with 
0.1  gm.  of  the  salt;  where  calcium  analyses  are  to  be  made,  1  cc.  of  satu- 
rated sodium  citrate  solution  is  mixed  with  each  100  cc.  of  blood.  It  is,  of 
course,  impossible  to  use  plasma  from  oxalatcd  blood  for  calcium  analyses, 
as  most  of  the  plasma  calcium  is  precipitated  by  the  oxalate,  and  thrown 
down  with  the  corpuscles  during  the  centrifuging. 

We  have  been  able  to  show  that  oxalate  does  not  interfere  with  phos- 
phorus analyses  as  carried  out  by  our  methods  and  that  citrate  does  not 
interfere  with  analyses  for  either  calcium  or  phosphorus.  We  found  it 
practicable  to  prevent  clotting  by  drawing  our  blood  into  cooled  vessels 
lined  with  paraffin  and  by  keeping  the  blood  and  plasma  in  cooled  paraf- 
fined vessels  during  the  centrifuging  and  until  we  were  ready  to  use  it. 
In  still  other  instances  we  prevented  clotting  by  the  use  of  hirudin.  The 
blood  and  plasma  kept  fluid  by  the  first  of  these  methods  may  be  called 
"natural'*  blood  and  plasma.  It  was  found  that  if  different  portions  of 
the  same  sample  of  blood  were  kept  fluid  by  the  "natural"  method,  by 
hirudin,  and  by  citrate,  the  portions  of  plasma  obtained  from  them  all 
gave  similar  results  for  calcium  and  phosphorus;  and  that  the  portions  of 
plasma  obtained  from  "natural,"  hirudinized,  citrated,  and  opiated 
blood  all  gave  similar  results  for  phosphorus. 

Centrifugation  of  Blood. 

Our  blood  samples  have  been  centrifuged,  as  a  matter  of  routine,  for  20 
minutes  at  between  3,000  and  3,500  revolutions  per  minute,  and  in  glass 
vessels  marked  so  that  the  volume  of  the  corpuscles  could  be  read  off  w^hen 
the  centrifugation  was  finished.  W^e  found  that  longer  centrifuging  at 
higher  speeds  did  not  reduce  the  volume  of  the  corpuscles  any  further. 

Solutions  and  Reagents, 

We  have  been  in  doubt  as  to  what  is  meant  in  text-books  of  chemistry 
when  one  is  told  to  make  up  a  10  per  cent  solution  or  a  25  per  cent  solu- 
tion.   Our  procedures  may,  therefore,  occasionally  be  somewhat  differ- 


4  Phosphorus  and  Calcium  Metabolism 

ent  in  detail  from  what  was  intended  in  the  descriptionB  from  which  we 
have  taken  them.  But,  as  a  preliminary  step  to  adopting  any  method  of 
analysis,  we  have  naturally  carried  out  a  number  of  check  analyses  on 
known  amounts  of  chemically  pure  snbstances;  and,  if  our  results  were  not 
satisfactory  at  first,  we  have  varied  our  procedure  until  they  became  so. 
In  describing  our  own  solutions,  we  shall  speak  generally  in  terms  of  solu- 
tions by  weight.  By  a  **10  per  cent  hydrochloric  acid  solution/'  for 
example,  we  mean  a  solution  of  which  100  gm.  contain  10  gm.  of  HCl  and 
90  gm.  of  water.  In  the  case  of  salts  which  contain  water  of  crystalliza- 
tion we  shall  give  the  strengths  of  our  solutions  in  terms  of  the  water- 
free  salt. 

Method  of  Ashing  Material. 

We  have  analyzed  our  samples  of  blood  and  plasma  for  calcium,  totnl 
phosphorus,  lipoid  and  inorganic  phosphorus,  and  nitrogen,  and  in  a  few 
cases  for  total  fat. 

For  the  calcium  and  total  phosphorus  anal3'ses  the  blood  or  plasma  has 
been  ashed  w^ith  acid  mixture,  essentially  as  recommended  by  Abder- 
halden.*  When  this  procedure  is  carried  out  with  plasma,  the  concen- 
trated sulfuric  acid  ash  is  always  quite  clear  and  colorless;  in  the  case  of 
blood,  on  the  other  hand,  the  concentrated  ash  contains  a  whitish  precipi- 
tate, which  dissolves  in  water  and  gives  a  positive  test  with  potassium 
sulfocyanate,  and  which,  we  have  no  doubt,  is  ferric  sulfate.  It  dissolves 
when  the  acid  ash  is  boiled  with  water,  leaving  a  very  faintly  yellow  color; 
and  it  does  not  interfere  with  the  calcium  and  phosphorus  analyses. 


Determination  of  Calcium. 

Our  method  of  determining  the  calcium  in  blood  and  plasma  consists  in 
a  combination  of  parts  of  the  procedure  recommended  by  Abdorhaldon* 
with  parts  of  McCrudden's  method.'  30  to  50  cc.  of  blood  or  plasma 
are  ashed  with  25  cc.  of  acid  mixture,*  and  the  acid  ash  is  finally  boiled 
with  about  25  cc.  of  water.  The  mixture  is  then  transferred  with  the 
aid  of  a  little  water  from  the  Kjeldahl  flask  used  for  ashing  to  a  beakor, 
five  times  the  volume  of  the  mixture  and  washings  in  95  per  rent  alcohol 
is  added,  and  the  whole  Ls  allowed  to  stand  over  night.  The  raleiuni  sul- 
fate so  precipitated  is  filtered  off,  and  washed  three  or  four  times  with 
95  per  cent  alcohol;  the  filtrate  and  washings  may  be  used  for  tlie  doter- 
mination  of  total  phosphorus  Csee  below). 

The  filter  paper  with  the  calcium  sulfate  precipitate  is  dried  a;i(l  allied 
in  a  platinum  crucible  and  dissolved  in  approximately  .So  |K^r  cent  IK.^l  hy 


^Abderhalden,  K.,  liandb.  biochem.  Arbeitsniethoden,  Herlin,   1910.    i, 
385-388. 

*  Abderhalden,  Handb.   biochem.   Arbeitsniethoden,  Berlin.  1910,  i.  113. 
»McCrudden,  F.  II.,  ./.  Biot.  Chem.,  1911-12.  x,  187. 

*  Equal  parts  by  volume  of  95  per  cent  HjS()4  and  70  per  cent  IlNOa. 
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digestion  for  45  minutes  at  from  50-75^.  The  HCl  solution  so  obtained  is 
diluted  with  water,  filtered  into  a  beaker,  and  made  up  to  about  75  cc. 
with  water.  One  drop  of  0.006  per  cent  phenolsulfonephthalein  is  added, 
and  then  28  per  cent  NHi  until  the  color  changes  through  yellow  to  pink. 
The  mixture  is  cooled  and  10  per  cent  HCl  is  added  drop  by  drop  until  the 
color  changes  back  to  clear  yellow.  10  cc.  of  0.5^  HCl  and  10  cc.  of  1.75 
per  cent  H2C1O4  are  then  added;  the  mixture  is  heated  to  boiling,  then 
cooled  to  50®  or  below;  10  cc.  of  10  per  cent  NaCtHtOs  are  added,  and  the 
mixture  is  allowed  to  stand  about  30  minutes  at  between  50  and  75®,  and 
then  over  night  at  room  temperature.  It  b  filtered  through  a  small  filter 
paper,  and  the  precipitate  is  washed  free  of  chlorides  with  0.4  per  cent 
(NH4)iC204,  and  then  washed  free  of  soluble  oxalate  with  water.  Finally 
it  is  dissolved  in  about  20  cc.  of  warm  approximately  2  n  HsSOii  and  washed 
through  the  filter  with  water  to  about  100  cc.  It  is  heated  to  70°  and 
immediately  titrated  with  0.02  n  KMn04,  the  calcium  being  calculated 
from  the  amount  of  standard  permanganate  solution  required. 

We  have  standardized  our  permanganate  solutions  frequently  against 
known  oxalate  solutions.  We  found,  however,  that  if  the  permanganate 
is  carefully  made  up  and  kept  in  clean  glass  vessels,  its  strength  does  not 
change  very  much  even  in  several  months. 

Abderhalden  recommends  weighing  the  calcium  sulfate  from  the  acid 
ash,  either  after  one*  or  after  two*  precipitations  with  alcohol.  We  tried 
both  these  procedures  and  found  them  highly  unsatisfactory  for  blood  and 
rather  unsatisfactory  for  plasma.  We  also  tried  various  other  methods  of 
calcium  analysis,  such  as  drying  our  material  and  ashing  it  in  platinum 
over  a  fiame,  and  weighing  the  calcium  as  oxide  or  oxalate.  These  methods 
are,  of  course,  capable  of  giving  accurate  results,  but  we  found  them  de- 
cidedly more  troublesome  than  the  procedure  described  above,  which  is 
satisfactory  both  for  blood  and  plasma. 

Determination  of  Total  Phosphorus. 

When  we  wished  to  determine  the  calcium  and  phosphorus  in  the  same 
sample  of  material,  the  alcoholic  filtrate  from  the  calcium  sulfate  pre- 
cipitation (see  above)  was  placed  in  a  Kjeldahl  flask  and  evaporated  on 
the  steam  bath  until  the  alcohol  was  nearly  or  completely  driven  off.* 
The  concentrated  filtrate  was  boiled  until  it  became  dark,  and  5  cc.  of  70 
per  cent  HNOi  were  allowed  to  flow  into  it  drop  by  drop  while  it  was  still 
boiling.  The  boiling  was  continued  for  about  20  minutes  more,  and  the 
sulfuric  acid  ash  so  obtained  was  treated  as  described  below. 

When  phosphorus  alone  was  to  be  determined,  the  sample  (20  to  35  cc. 
of  blood  or  30  to  50  cc.  of  plasma)  was  ashed  with  25  cc.  of  acid  mixture  in 

*  Abderhalden,  Handb.  biochem.  Arbeitsmethoden,  Berlin,  1912,  vi,  381. 

•  Evaporation  from  a  flask  may  be  very  much  hastened  by  inserting  a 
glass  tube  down  its  neck  nearly  to  the  surface  of  the  liquid  to  be  evapo- 
rated, and  sucking  air  through  this  by  means  of  the  vacuum  pump. 
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the  same  manner  as  for  the  calcium  determination.  The  sulfuric  acid  ash 
so  obtained  may  be  regarded  as  equivalent,  so  far  as  phosphorus  is  con- 
cerned, to  the  ash  obtained  from  the  alcoholic  filtrate  of  the  calcium  de- 
termination, as  described  in  the  preceding  paragraph,  and  from  this  point 
the  description  applies  to  both. 

The  concentrated  sulfuric  acid  ash  is  boiled  with  about  30  cc.  of  water 
for  a  few  minutes  and  then  transferred  to' a  beaker  and  diluted  with  water 
to  150  cc.  50  cc.  of  33  per  cent  NH4NO1  are  added,  and  the  mixture  is 
heated  to  boiling.  At  the  same  time  40  cc.  of  8.6  per  cent  (NH4)6Mo7024 
are  brought  to  boiling  and  poured  into  the  phosphorus  mixture.  The  re- 
sulting precipitation  is  again  brought  to  a  boil  and  stirred  about  2  min- 
utes; it  is  then  allowed  to  stand  10  minutes  or  as  much  longer  as  maybe 
convenient.' 

The  ammonium  phosphomolybdate  is  filtered  by  decantation  and 
washed  once  with  25  cc.  of  wash  liquid;'  then  dissolved  in  5  cc.  of  10  per 
cent  NHi;  10  cc.  of  25  per  cent  NH4NO3,  15  cc.  of  water,  and  1  cc.  of  2.7 
per  cent  (NH4)fiMo70i4  are  added,  the  mixture  is  brought  to  boiling,  and 
reprecipitated  by  the  addition  of  10  cc.  of  boiling  31  per  cent  HNOj;  it  is 
stirred  for  2  minutes  and  then  allowed  to  stand  10  minutes  or  more.  It  is 
again  filtered  by  decantation,  and  the  precipitate  is  dissolved  without 
further  washing  in  12  cc.  of  2.5  per  cent  NHs,  to  which  about  20  cc.  of  water 
are  added.  To  the  resulting  solution  35  per  cent  HCl  is  added  drop  by 
drop  until  the  precipitate  resulting  from  one  of  the  drops  dispolves  only 
slowly  on  stirring,  and  there  are  then  added  2  cc.  of  magnesia  mixture*  and 
one  drop  of  1  per  cent  phenol phthalein.  The  solution  is  brought  to  a  boil 
and  2  5  per  cent  NHj  is  added  quickly  from  a  pipette  until  a  faint  pink 
color  appears ;  it  usually  requires  5  to  10  cc.  The  mixture  is  cooled  to 
somewhat  below  room  temperature,  as  a  result  of  which  numerous  crystals 
of  MgNn4P04  should  appear.  About  10  cc.  of  28  per  cent  NHj  are  added, 
and  the  mixture  is  allowed  to  stand  10  minutes  more,  or  as  much  longer 
as  may  be  convenient.  It  is  filtered  through  a  weighed  Gooch  crucible, 
the  precipitate  washed  free  of  chlorides  with  2.5  per  cent  NII3,  dried,  and 
ignited  to  Mg2P207;  and  the  phosphorus  is  calculated  from  the  weight 
of  the  pyrophosphate. 

'  The  part  of  the  procedure  so  far  described  is,  in  general,  taken  from 
Abderhalden  (Handb.  biochem.  Arbeitsmethoden,  Berlin,  1910,  i,  420). 
Abderhalden,  however,  recommends  heating  the  ammonium  phospho- 
molybdate precipitation  only  to  70-80**,  while  wc  found  that  the  phos- 
phorus did  not  all  come  down  unless  it  was  heated  to  boiling  as  de- 
scribed above.  Abderhalden  recommends  carrying  the  anal3\«is  further 
by  the  titration  method,  which  we  tried  and  found  lot  entirely  satisfac- 
tory. From  this  point  in  our  analysis,  we  followed  in  general  the  pro- 
cedure recommended  by  Treadwell  (Analytical  chemistry.  New  York  2nd 
edition,  1910,  ii.  397-398). 

«  NII4NOS,  100  gm. ;  70  per  cent  HNOj,  SO  cc. ;  water,  2  liters. 

»  MgCl26H,0,  110  gm. ;  NH4CI.  210  gm. ;  35  per  cent  HCl,  4  co. :  water,  2 
liters. 
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Determination  of  Inorganic  Phosphorus. 

The  inorganic  pho8phate  of  plasma  has  usually  been  determined  by  a 
method  developed  by  one  of  us^'  from  a  brief  description  given  by  Green- 
wald.*» 

To  80  cc.  of  plasma  are  added  160  cc.  of  water.  80  drops  0.1  nHCI,  4  cc.  of 
saturated  NH4CI,  1.6  cc.  of  7.7  per  cent  MgCl,.  32  cc.  of  2.8  per  cent  NH», 
and  the  mixture  is  allowed  to  stand  over  night,  preferably  at  about  5°C. 
If  smaller  quantities  of  plasma  are  taken,  all  the  above  mentioned  reagents 
are  reduced  proportionally.  The  mixture  is  filtered,  and  the  precipitate  is 
washed  three  or  four  times  with  2.5  per  cent  NH|,  twice  with  95  per  cent 
alcohol,  and  twice  with  ether.  It  is  then  dissolved  from  the  filter  paper 
into  a  beaker  with  15  cc.  of  8  per  cent  HNOi,  10  cc.  of  31  per  cent  HNOs, 
and  45  cc.  of  water;  10  cc.  of  25  per  cent  NH4N03  and  30  cc.  of  2.7  per  cent 
(NH4)«Mo7024  are  added,  the  mixture  is  heated  for  an  hour  or  so  to  from 
50-75°,  and  then  allowed  to  stand  over  night  at  room  temperature.  (The 
precipitate  will  come  down  completely  without  heating,  if  allowed  to  stand 
48  hours  at  room  temperature.)  The  mixture  is  filtered  by  decantation^ 
and  the  analysis  is  carried  to  completion  exactly  as  in  the  case  of  the 
determination  of  total  phosphorus  after  the  filtration  of  the  second  am- 
monium phosphomolybdate  precipitation  (see  above). 

In  a  few  instances  we  determined  the  inorganic  phosphate  of  plasma  by 
the  method  described  by  Embden  and  his  collaborators"  for  muscle  juice. 
The  same  samples  of  plasma  were  analyzed  by  this  method  and  by  the  one 
which  has  just  been  described  and  the  results  are  given  below. 

Inorganic  Phosphate  in  Plasma.     Mq.  per  100  Cm.  of  Plasma. 


Plaama. 


Detormination. 


Green wald  method. 


o 


I 

II 

Average. 

I 

II 

Average. 

I 

II 

Average. 

I 

II 

Average. 


mg. 

4 .  26 
4.30 
4.28 

5.89 
5.80 
5.84 

3 .  72 
3.09 
3.85 

4.66 
4.80 
4.73 


Euibden  method. 

mg. 

4.49 
4.49 
4.49 

6.07 
6.30 
6.18 

4.13 
3.96 
4.04 

4.85 
4.61 
4.73 


>o  X.  R.  Hlathorwick. 

"  Cireenwald,  I..  ./.  Biol.  Chcm..  1916,  xxv,  431. 
"  Embden,  G..  Griesbach,  W.,  and  Schmitz,  E..    Z. 
1914-15.  xciii.  1. 
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In  two  other  cases  the  plasma  was  analyzed  immediately  by  the  Green- 
wald  method  and  after  it  had  stood  for  some  time,  by  the  Embden  method. 
The  results  were  as  follows: 


Green wald  method. 

Embden  method. 

mg. 

mg. 

Plasma  5.     Analyzed  by  Emb- 

I               6.34 

7.00 

den  method  after  standing  4 

II              6.25 

6.91 

days. 

Average.  6.29 

6.95 

Plasma  6.     Analyzed  by  Emb- 

I               4.13 

4.40 

den  method  after  standing  1 

II             3.89 

4.66 

day. 

Average.  4.01 

4.53 

For  the  first  four  samples  of  plasma  the  figures  obtained  by  the  Embden 
method  average  0.18  mg.  per  100  gm.  of  plasma  higher  than  those  obtained 
by  the  Greenwald  method.  This  difference  is  very  small;  the  question  of 
its  significance  will  be  discussed  later. 

In  the  last  two  samples  of  plasma,  which  were  analyzed  immediately 
by  the  Greenwald  method,  and  not  until  after  standing  some  time  by  the 
Embden  method,  the  differences  in  the  figures  obtained  by  the  two  methods 
are  greater  than  in  the  other  four.  These  results  indicate  that  the  phos- 
phatide of  the  plasma  tends  to  decompose  somewhat  on  standing;  and  that, 
in  cases  where  the  highest  accuracy  is  desired,  the  samples  should  be  ana- 
lyzed immediately. 

Determination  of  Lipoid  Phosphorus. 

The  great  majority  oT  our  determinations  of  lipoid  phosphorus  have  been 
carried  out  by  the  nephelometric  micro  method,  which  was  suggested  some 
time  ago  by  Pouget  and  Chouchak,"  and  has  since  been  developed  by 
Greenwald,**  Kober,"  and  Bloor."  A  more  or  less  detailed  account  of 
our  experience  with  this  method  has  already  been  publi.*<hed.>^ 

We  tested  the  micro  method  of  phosphorus  determination  in  several 
ways.  Parallel  determinations  were  carried  out  on  the  same  samples  of 
blood  and  plasma  by  the  gross  method  described  above  and  by  the  micro 
method.  For  the  latter  determination  about  0.2  gm.  of  blood  orO.T)  jrni. 
of  plasma  was  ashed  with   1.5  cc.  of   acid  mixture  an<l  the  analy.'-is  was 

»»  Pouget,  I.,  and  Chouchak,  D.,  Bull.  Soc.  chim.  France.  1901).  v.  104; 
1911,  ix,  649. 

1*  Greenwald,  J.  Biol.  Chem.,  1015,  xxi,  1^9. 

"  Kober,  P.  A.,  and  Egerer,  O.,  ./.  .4m.  Chem.  Soc.y  1915,  xxxvii,  2373. 

»«Bloor,  W.  R.,  J.  Biol.  Chnn.,  1915.  xxii,  133,  145. 

"Meigs,  E.  B..  J,  Biol.  Chem,,  1918.  xxxvi,  335. 
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carried  further  in  general  as  recommended  by  Bloor.**    The  resulta  were 
as  follows: 


Total  Phosphorus  in  Blood  and  Plas 

ma.    Mg,   per 

100  Gm. 

Micro  method . 

Gross  method. 

Blood 

I 
II 

Average 

mg. 
17.94 

12.80 

12.38 
12.07 
12.22 

I 
II 

Average 

I 

II 

Average 

mg. 

18.55 
18.51 

Plasma  1 

Plasma  2 

18.53 

13.09 
13.70 
13.39 

11.51 

In  other  samples  of  plasma  parallel  determinations  were  made  of  the 
lipoid  phosphorus  by  the  micro  method  and  by  the  gross  method  described 
by  Koch  and  Woods.*'     The  results  were  as  follows: 

Lipoid  Phosphorus  in  Plasma.    Mg.  per  100  Gm. 


Plasma. 

Micro  method . 

Gross  method. 

mg. 

mg. 

1 

7.1 

6.8 

2 

5.0 

4.5 

3 

7.1 

6.7 

4 

7.0 

6.5 

0 

6.4 

5.9 

We  carried  out  similar  parallel  determinations  on  three  other  samples  of 
plasma,  in  which  the  two  sets  of  results  did  not  agree  at  all;  these  were 
among  our  earliest  determinations  by  the  micro  method,  and  we  have  every 
reason  to  believe  that  the  results  were  incorrect.  We  do  not  think  it 
worth  while  to  give  the  figures  for  these  determinations,  and  they  are 
mentioned  only  because  this  case  forms  an  exception  to  our  rule  of  giving 
all  the  results  obtained  bearing  on  any  particular  point. 

It  will  be  seen  that  the  results  obtained  by  the  nephelometric  method 
run  about  0.4  mg.  per  100  gm.  higher  than  do  the  Koch  and  Woods  results. 
Following  the^e  experiments,  we  extracted  gross  samples  of  plasma  with 


»«  Koch,  W.,  and  Woods,  H.  S..  J.  Biol.  Chem.,  1905-06,  i,  203. 
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alcohol  and  ether,  just  as  we  had  done  to  obtain  the  Koch  and  Woods  re- 
sults given  above,  and  then  extracted  the  same  samples  further,  and  found 
that  there  was  additional  lipoid  in  the  subsequent  ext  rapt  ions.  So  far  as 
we  know,  it  has  been  the  universal  experience  of  those  who  have  tried  to 
extract  lipoid  material  by  alcohol  and  ether  from  such  large  quantities  of 
protein  as  one  gets  in  gross  samples  of  plasma  that  the  lipoid  is  not  com- 
pletely extracted  in  any  reasonable  time.  We  agree  with  Bloor,  there- 
fore, that  the  micro-extraction  described  by  him  Ls  decidedly  more  com- 
plete and  satisfactory  than  even  very  long  drawn  out  gross  extractions; 
and  the  results  given  above  indicate  that  our  nephelometric  results  for 
lipoid  phosphoriis  in  plasma  arc  very  nearly  correct. 

Determination  of  Total  Fat. 

Fat  has  been  determined  in  blood  and  plasma  according  to  the  Bloor 
method  and  the  later  modifications  suggested  by  him.**  This  procedure 
was  tried  against  the  well  known  Babcock  method  on  samples  of  milk,  and 
was  found  to  give  results  within  5  per  cent  of  those  given  by  the  Babcock 
method. 

Determination  of  Xitrogen. 

In  determining  nitrogen  we  have  used  the  Kjeldahl  method  described 
by  Abderhalden.*®  We  encountered  no  difficulties  in  following  the  pro- 
cedure. 

Nature  of  the  Phosphorus  Compounds  Contained  in  Normal  Plasma. 

Abderhaldcn  recognizes  the  existence  of  three  classes  of  phos- 
phorus compounds  in  blood  serum:  (1)  inorganic  phosphatiN  (2) 
phosphorus  combined  as  lecithin;  (3)  phosphorus  coml)ine(l  as 
nuclein.  He  finds  in  ox  serum  0.0037  per  cent  inorganic  phos- 
phorus, 0.0067  per  cent  lecithin  phosphonis,  and  O.OOOti  per  cent 
nuclein  phosphorus,  making  a  total  of  0.0110  per  cent.-^  He  has 
analyzed  the  senim  of  a  number  of  other  domesticated  inanunals, 
and  finds  very  similar  figures. 

»'  Bloor,  J.  Biol.  Chem.,  1914.  xvii.  377  IT.:  lOIT).  xxiii.  .TJO. 

20  Abderhalden,  Ilandb.  biochem.  Arl)eitsnioth()doii.  Berlin.  1010.  i, 
340  ff. 

»»  Abderhalden.  Z.  phijHioL  Chem.,  1897,  xxiii,  521 ;  ISOS,  xxv,  6.").  The 
"nuclein"  and  inorganic  phosphorus  is  given  by  this  author  as  IV^s*.  and 
the  amount  of  ''lecithin'*  phr>sphr)rus  found  is  not  given.  The  figures 
which  appear  above  are  for  elemental  phosphorus;  those  for  "nur-hun" 
and  inorganic  phosphorus  are  obtaine<l  by  multiplying  Abderhaldcn V  fig- 
ures by  0.44;  those  for  "lecithin"  phosphorus,  by  multiplying  his  figures 
for  lecithin  bv  0.04. 
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Rona  and  Takahashi^  have  recently  had  occasion  to  deter- 
mine the  different  kinds  of  phosphorus  compounds  in  horse  serum. 
They  find,  as  an  average  in  seven  experiments,  0.0005  per  cent 
nuclein  phosphorus. 

Other  work  directed  more  particularly  toward  the  dctennina- 
tion  of  nuclein  or  protein  phosphorus  in  blood  serum  makes  it 
seem  probable  that  the  figures  given  by  Abderhalden  and  by 
Rona  and  Takahashi  are  too  high.  Liebermeister,-^  for  instance 
has  endeavored  to  separate  the  nuclcoprotein  from  serum  and 
gives  figures  for  the  amount  of  material  obtained  and  for  its  phos- 
phorus content.  He  got  only  2.5  gm.  of  nuclcoprotein  from  15 
liters  of  serum;  the  phosphonis  content  of  this  material  was  0.079 
per  cent.  This  would  indicate  only  0.00001  per  cent  nuclein 
phosphonis  in  the  whole  sermn ;  even  if  it  is  supposed  that  Licber- 
meister  got  less  than  half  of  the  total  quantity  of  nuclcoprotein 
present,  his  work  would  still  indicate  that  the  nuclein  phosphorus 
content  of  serum  is  only  a  small  fraction  of  that  given  by  Abder- 
halden and  by  Rona  and  Takahashi. 

Even  the  figures  of  these  latter  authors  are  small — about  5 
per  cent  of  the  total  phosphorus  contained  in  serum.  Abder- 
halden gives  only  a  very  brief  description  of  his  methods;  Rona 
and  Takahashi,  none  at  all  of  theirs;  so  that  one  is  not  able  to 
form  a  critical  judgment  as  to  the  correctness  of  their  deter- 
mination of  the  nuclein  phos[)honis. 

The  evidence  so  far  given,  therefore,  indicates  that  there  can- 
not be  more  than  about  0.5  mg.  of  nuclein  phosphorus  in  100  gm. 
of  scrum,  and  that  there  is  probably  much  less  than  this. 

It  has  been  shown  by  Blirker-*  that  adding  oxalate  to  blood  pre- 
vents the  breaking  up  of  the  blood  platelets,  which  occurs  when 
it  is  allowed  to  clot;  when  oxalated  blood  is  centrifuged  these  ele- 
ments arc  thrown  down  at  the  top  of  the  layer  of  corpuscles.  The 
plasma  from  oxalated  blood,  therefore,  differs  from  serum  in  that 
it  does  not  contain  the  breaknlown  products  of  these  cellular  ele- 
ments.    The  blood   platelets  probably   contain   nuclcoprotein;^^ 

-'  Rona,  P.,  and  Takahashi.  D.,  Biochcm.  Z.,  1913,  xlix.  370. 
23  Liebcnneister,  CJ.,  Ih'itr.  chetn.  Phyaiol.  n.  Path.,  1900,  viii,  439. 
-*  Hiirkcr,  K..  Arch.  ges.  Physiol.,  1904,  cii.  88. 

-■*  Dcctjcn,  H.,  Z.  physiol.  Chim.,  1909,  Ixiii,  1.  Dcetjcn  has  demon- 
strated that  the  blood  platelets  contain  nuclei. 
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and  one  would,  therefore,  expect  to  find  less  nuclein  phosphorus 
in  oxalated  plasma  than  in  serum. 

In  47  samples  of  plasma  we  have  made  independent  detenni- 
nations  of  the  lipoid,  inorganic,  and  total  phosphorus  by  the 
methods  described  above.    The  results  are  given  in  Table  I. 

The  figures  in  Table  I  for  lipoid,  inorganic,  and  total  phosphorus 
are  based  on  dupUcate  determinations  which  agreed  within  5  per 
cent,  except  as  indicated  in  the  footnotes. 

Table  I  shows  that  the  sum  of  the  lipoid  and  inorganic  phos- 
phorus fractions  is  generally  a  Uttle  lower  than  the  total  as  deter- 
mined independently,  the  difference  amounting  on  the  average  to 
0.26  mg.  per  100  gm.  of  plasma.  If  the  figures  for  the  indi- 
vidual analyses  are  examined,  it  will  be  seen  that  the  individual 
differences  do  not  vary  much  from  this  average.  In  37  out  of 
the  47  cases  they  are  not  over  0.5  mg.  per  100  gm.  of  plasma; 
in  9  cases  they  are  over  0.5  mg.  and  not  over  1.0  mg.;  and  in  only  1 
case  is  this  difference  above  1.0  mg.;  namely,  1.7  mg. 

In  considering  the  results  given  in  Table  I,  it  is  to  be  remem- 
bered that  the  limits  of  error  for  our  analyses  of  total  phosphorus  in 
plasma  are  about  0.5  mg.  per  100  gm.  of  plasma.  It  is  to  be 
remembered  also  that  the  analyses  from  which  the  figures  were 
taken  were,  at  one  time  or  another,  carried  out  by  five  different 
workers,  and  that  as  a  rule  the  three  analyses  for  a  given  sample 
of  plasma  were  performed  by  three  different  workers.  .  Further, 
each  of  the  methods  used  for  the  determination  of  lipoid,  in- 
organic, and  total  phosphorus  respectively  was  widely  different 
from  either  of  the  others,  so  that  there  would  be  little  chance  of 
constant  errors  in  any  two  of  the  methods  compensating  for  each 
other  and  so  masking  each  other.  It  seems  to  us,  therefore,  that 
these  results  indicate  fairly  clearly  that  the  lipoid  and  inorganic 
phosphorus  of  plasma  comprise  very  nearly  all  that  exists. 
Whether  or  not  the  fact  that  the  sum  of  our  figures  for  lipoid  and 
inorganic  phosphorus  is,  on  the  average,  0.2G  mg.  per  100  gm. 
lower  than  the  total  indicates  that  plasma  contains  a  very  small 
amount  of  some  other  kind  of  phosphorus,  can  be  better  discussed 
after  considering  Greenwald's  work. 

Greenwald  has  reached  conclusions  very  similar  to  ours  from 
his  recent  work  on  the  phosphorus  compounds  of  the  blood.  His 
work  taken  in  connection  with  our  own  shows  that  there  is  no 
measurable  quantity  of  nuclein  phosphorus  in  plasma. 
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TABLE  I. 
Rftation  between  the  Sum  of  Ihe  Lipoid  arui  Inorganic  Pkotphoria  Concen- 
tration* in  Plasma,  and  the  Total  aS  Dcttrmmed  Independently. 
Mg.  per  100  Gm.  o/  PUama. 


Dec.  15.  1S16 
Jan.  17,  1918 
Feb.  14,  " 

/.  I,  1S17 
7,  1810 
Dec.  22,  " 
Jan.  30,  1917 
Mar.  D.  '■ 
Apr.  9,  " 
May  9,  " 

June  22,  " 

Oct.  25,  1916 
Dec.  8,  " 
Feb.  12,  1917 

.  10.  1910 

/.  2.     " 

■■     4,  " 

Feb.  5,  1917 

.   B.  "  . 

IG,  1910. 

30.  "  . 
Nov.  27,  " 

.  23,  1917 
Mar.  26,  " 

Dec.  12,  1910, 

I.  17,  1917, 

10,  " 

Apr.  12,  "  . 


14  4 
10-7 
12-4 
10.6 
12.2 
15.5 
13.0 
13.3 


12.5 
12.3 

13-7 
13.2 


10.2 
13,9 
11.1 


14, 2t 
13,4 

12, 5t 


+0.2 
+0,3 

+0,7 


+0.3 

+0,2 
+0,9 
+0,6 
+0,2 
+0  3 

+0.6 
+0,1 
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TABI-E  X—'uml'i'ir'i. 


No.  of 


Phosphorus. 


Date. 


Lipoid.     Inorsanic.      i^um. 


Total. 


m§. 


82 
105 


106 
107 


115 


119 

211 
214 


July  11.  1917 ,    3  3 

I>ec.  19.  1916 6.3* 

Feb.  24,  1917 i    7.2 


Jan.  4.  1918 

4.9 

I>ec.  11.  1916 

7.9* 

Mar.  1,  1917 

8.1* 

Nov.  10,  1916 
Jan.  4,  1917. 
Mar.    3. 


u 


*t 


u 


« 


Jan.  11, 
Mar.  12, 
Oct.  16, 
Nov.  •.:0,  1916 
Jan.  18,  1917 
Mar.  16, 
Oct.  11, 
Nov.  16, 


« 


u 


« 


6.1|! 
6.0* 
4.8* 

3.5* 
3.3* 
7.5* 
4.7* 
5.4t 
4.9* 
5.4* 
5.1* 


mi. 

m#. 

m§. 

5.9* 

9  2  = 

10  1} 

4.0 

10  3 

10.9 

4.7   ' 

• 

11  9 

12  6  1 

4.6 

9  5 

9  5 

5.2 

13.1 

13  4 

4.8 

12.9 

13.2 

4.8? 

10.9 

10  7** 

5.3 

11.3 

11  9 

49 

9.7 

9  6 

6.3t 

9.8 

loot 

8.8* 

12.1 

12.0t 

4.0 

11  5 

11.9 

7.8 

12. -> 

12.7 

6.1 

11  5 

13  2 

6.4 

11.3 

11  4 

5.3 

10.7 

10  8 

5.1 

10.2 

9.9* 

DiffM- 
eoee. 

mf. 

-H)  9 
+0.6 
+0  7 

0  0 
-1-0  3 
H-0.3 

-0.2 
-fO.6 
-0.1 

-hO.2 
-0.1 
+0.4 
-1-0  2 
-1-1.7 
-hO.l 
-hO.l 
-0.3 


•  One  determination  only, 
t  See  protocol  for  this  animal. 

{Check  1,  10.2;  check  2,  9.3;  check  3,  10.5;  check  4.  S.8.  All  four 
used  in  calculating  average. 

I  Check  1,  10.5;  check  2,  9.4;  check  3,  10.5;  all  three  used  in  calculat- 
ing average. 

II  First  two  determinations  discarded  on  account  of  lack  of  agreement. 
This  figure  obtained  in  a  single  subsequent  determination. 

^  Check  1,  4.9;  check  2,  4.3;  check  3.  4.S;  checks  1  and  3  used  in  cal- 
culating average. 

•♦Check  1,  11.6:  check  2,  10.5;  check  3.  10.9;  check  4.  10.6;  checks  2, 
3,  and  4  used  in  calculating  average. 

Greenwald  extracts  the  acid-soluble  phosphorus  from  serum 
with  a  mixture  of  picric  and  acetic  acids  and  he  has  shown  that 
none  of  the  lipoid  phosphonis  Ls  extracted  from  his  material  by 
this  reagent.^*    In  a  later  article  he  considers  the  question  whether 

"Greenwald.  J.  Biol.  Cfum.,  1913,  xiv,  SOl^. 
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the  phosphorus  extracted  by  the  picric-acetic  acid  is  all  strictly 
inorganic  or  whether  there  is  mixed  with  it  a  small  amount  of 
soluble  organic  phosphorus.  ^^ 

He  divides  his  samples  of  serum  into  four  portions,  A,  B,  C, 
and  D.  In  A,  B,  and  C  the  protein  and  phosphatide  are  precipi- 
tated, and  the  acid-soluble  phosphorus  is  extracted  with  picric- 
acetic  acid  mixture;  in  D  the  inorganic  phosphorus  is  precipi- 
tated directly  by  magnesia  mixture  and  subsequently  determined. 
The  picric-acetic  acid  extract  from  A  is  ashed  with  acid  mixture 
and  its  total  phosphorus  determined;  in  the  extracts  from  B  and 
C  the  inorganic  phosphorus  is  precipitated  (by  two  different 
methods)  and  determined.  The  results  from  B,  C,  and  D  agree 
fairly  closely  with  each  other  on  the  average,  and  are  all  about 
0.3  mg.  per  100  gm.  of  serum  lower  than  those  from  A.  Green- 
wald  considers  that  in  A  he  gets  the  total  acid-soluble  phos- 
phorus; and  in  B,  C,  and  D,  the  inorganic  phosphorus;  and  he 
concludes  that  serum  contains  a  small  amount  of  acid-soluble 
phosphorus  which  is  not  strictly  inorganic.  To  us  it  seems 
that  his  results  might  equally  well  be  interpreted  by  supposing 
that  the  methods  of  analysis  adopted  in  the  cases  of  B,  C,  and  D 
all  give  results  which  are  a  little  low.  It  is  to  be  noted  that  in 
all  three  of  these  analyses,  and  particularly  in  B  and  C,  the  phos- 
phorus (small  in  amount)  is  precipitated  from  a  large  volume  of 
fluid;  this  is  presumably  not  the  case  in  A;  and  it  seems  not  un- 
likely that  this  circumstance  alone  might  account  for  the  lower 
results  in  B,  C,  and  D. 

However  this  may  be,  it  is  evident  that  the  method  used  in  D 
does  not  get  all  of  the  acid-soluble  phosphorus  from  serum,  the 
amount  not  accounted  for  being  about  0.3  mg.  per  100  gm.  of 
serum.  The  method  used  in  D  is  essentially  the  same  as  our 
routine  method  for  inorganic  phosphate;  therefore,  in  order  to 
calculate  the  total  acid-soluble  phosphorus  in  our  samples  of 
plasma  from  our  routine  figures  for  inorganic  phosphate,  one 
would  have  to  add  0.3  mg.  per  100  gm.  to  each  of  our  results. 
This  would  slightly  more  than  cover  the  average  difference  be- 
tween our  figures  for  total  plasma  phosphorus  and  those  for  the 
sum  of  the  lipoid  and  inorganic;  the  difference  in  question  was 
0.26  mg.  per  100  gm.  In  other  words,  our  results  show  that  our 
samples  of  plasma  contained  only  lipoid  and  acid-soluble  phos- 
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phorus;  the  difference  between  the  sum  of  these  (Quantities  and 
the  total  as  determined  independently  is  only  0.04  mg.  per  100 
gm.  of  plasma.  It  is  evident  that  there  cart  be  no  nuclein  phos- 
phorus in  either  the  lipoid  or  acid-soluble  fractions,  and  it  fol- 
lows that  plasma  contains  no  nuclein  phosphorus. 

Greenwald  has  reported  an  experiment^'  which  indicates  that 
serum  contains  no  nuclein  phosphorus.  He  precipitates  and  ex- 
tracts serum  with  acetone,  reextracts  the  precipitate  with  alcohol 
and  ether,  and  finally  with  picrohydrochloric  acid  mixture;  he 
finds  only  a  negligible  quantity  of  phosphorus  in  the  residue 
thus  extracted.  No  figures  are  given,  however,  from  which  one 
could  judge  the  completeness  of  the  demonstration  that  nuclein 
phosphorus  is  absent,  and  we  feel  justified  in  publishing  our 
results  as  a  confirmation  and  extension  of  hisi  conclusion.-*  There 
remains  the  question  whether  the  small  discrepancy  between  the 
acid-soluble  phosphorus  of  plasma  and  the  inorganic  as  deter- 
mined by  the  direct  precipitation  of  magnesium  ammonium  phos- 
phate without  previous  protein  precipitation  is  or  is  not  merely 
the  result  of  the  failure  of  the  latter  method  to  account  for  all 
of  the  inorganic  phosphorus.  We  are  inclined  to  think  that  it  is. 
It  has  been  pointed  out  above  that  Grecnwald's  results  bearing 
on  this  question  do  not  seem  conclusive;  and  we  think  that 
weight  should  be  given  to  the  fact  that  the  'inorganic  phosphate*' 
of  plasma  as  determined  by  the  Embden  method  averages  a  little 
higher  than  that  obtained  by  our  routine  method  (see  above 
under  Methods).  We  shall  not  give  here  a  detailed  account  of 
the  former  Method.  It  is  only  necessary  to  say  that  Embden 
and  his  collaborators  were  satisfied,  after  testing  it  in  various 

"  Greenwald,  Am.  J.  Med.  Sc,  1914,  cxlvii,  220. 

*'  We  fear,  however,  that  a  table  published  by  him  (J.  Biol.  Chem.j 
1915,  xxi,  32)  may  cause  us  to  be  accused  of  simply  repeating  his  experi- 
ments. At  first  sight,  this  table  does  appear  to  be  exactly  similar  to  our 
Table  I,  but  in  the  text.of  the  article  (pp.  30,  31)  one  finds  that  the  figures 
for  "lipoid  phosphorus"  given  in  Greenwald's  table  represent  the  total 
phosphorus  left  in  the  residue  from  serum  extracted  with  picric-acetic  acid 
mixture.  We  do  not  object  to  this  method  of  estimating  the  lipoid  phos- 
phorus of  serum,  but  we  wish  to  point  out  that  Greenwald's  table  has  no 
value  as  a  demonstration  that  serum  contains  only  lipoid  and  acid-soluble 
phosphorus;  it  is  only  through  the  previous  proof  of  this  proposition  that 
his  figures  for  lipoid  phosphorus  attain  their  value. 
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ways,  that  it  gave  correct  results  for  the  inorganic  phosphate  of 
muscle  juice.  Their  results  were  lower  than  most  of  the  previous 
figures  given  for  the  inorganic  phosphorus  of  muscle  and  muscle 
juice.  There  can  be  no  doubt  that  muscle  juice  contains  consid- 
erable amounts  of  labile  organic  phosphorus  compounds,  and  a 
method  capable  of  separating  the  strictly  inorganic  phosphorus 
from  these  would  be  unUkely  to  give  high  results  for  the  inor^ 
ganic  phosphate  of  blood  plasma. 

If  our  conclusions  are  correct,  it  follows  that  the  plasma  does 
not  serve  as  a  vehicle  for  the  transport  of  nucleins  or  phospho- 
rized  proteins,  and  that  these  compounds  must  be  synthesized 
in  situ  by  the  cells  in  which  they  are  found.  It  follows  also  that 
if  one  knows  the  total  phosphorus  of  a  sample  of  plasma,  and 
either  the  lipoid  or  inorganic  phosphorus,  one  can  readily  calcu- 
late the  amount  of  the  missing  fraction. 

Precursor  in  the  Blood  Plasma  of  Milk  Phosphortis  and  Milk  Fat. 

Most  of  the  work  directed  toward  discovering  in  the  blood  the 
precursors  of  the  various  constituents  of  milk  has  been  devoted 
to  the  question  of  the  precursor  of  lactose.  It  has  been  estab- 
lished that  the  glucose  of  the  blood  is  the  precursor  of  lactose; 
evidence  for  this  view  has  been  obtained  by  two  different  methods 
of  investigation.  One  of  these  is  to  remove  the  mammary  gland' 
from  the  body,  to  perfuse  it,  and  to  study  the  concentration  of 
the  materials  in  question  in  the  perfusion  fluid  before  and  after  it 
has  been  sent  through  the  gland,  as  well  as  in  the  fluid  secreted 
by  the  gland.  The  other  method  is  to  obtain  samples  of  blood 
from  one  of  the  mammary  veins  and  from  some  other  superficial 
vein,  say  the  jugular,  in  the  intact  animal,  and  to  compare  the 
concentrations  of  the  materials  in  question  in  such  samples  of 
blood. 

The  second  method,  seems  to  us  the  more  promising,  because 
when  using  it  one  is  working  with  a  gland  which  is  functioning 
under  much  more  nearly  normal  conditions,  and  there  are  many 
reasons  for  thinking  that  the  functioning  of  the  manmiary  gland 
is  easily  disturbed. 

There  are,  however,  objections  to  the  second  method,  which 
must  be  considered.     One  of  these  is  that,  in  a  single  passage  of 

THE  JOURNAL.Or  BIOLOOICAL  CBSMIRTRT.  VOL.  XXXVn,  NO.  1 
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the  blood  through  the  mammary  gland,  its  composition  would 
probably  be  so  little  changed  that  the  change  could  not  be  detected 
by  the  biochemical  methods  which  are  at  present  at  our  disposal. 
The  most  effective  answer  to  this  objection  lies  in  the  results 
that  have  been  obtained  by  the  method  by  other  investigators  as 
well  as  by  us.  These  will  be  reported  and  discussed  later.  An- 
other objection  is  that  blood  obtained  from  the  jugular  vein  can- 
not be  regarded  as  strictly  equivalent  to  the  blood  carried  to  the 
mammary  gland  by  its  artery;  this  objection  may  be  answered 
as  follows. 

The  blood  pumped  by  the  left  ventricle  of  the  heart  into  the 
aorta  is  presumably  thoroughly  mixed,  so  that  all  parts  of  the 
body  supplied  by  the  aorta  receive  identical  samples  of  blood.  It 
may,  therefore,  be  presumed  that  the  blood  supplied  to  the  tis- 
sues drained  by  the  jugular  vein  is  the  same  as  that  supplied  to 
the  mammary  gland.  The  tissues  drained  by  the  jugular  vein  are, 
for  the  most  part,  muscles,  and  the  changes  brought  about  by 
muscles  in  the  phosphorus  or  sugar  content  of  blood  passing  through 
them  would  be  negligibly  small  in  comparison  to  that  brought 
about  by  the  mammary  gland.  The  blood  of  the  jugular  vein 
would,  therefore,  for  all  practical  purposes  be  identical  with  the 
arterial  blood  going  to  the  tissues  drained  by  tliat  vein,  and  lience 
also  with  the  arterial  blood  going  to  the  mammary  gland. 
•  The  blood  which  has  passed  through  the  cow's  mammary  gland 
is  to  a  large  extent  carried  away  by  the  abdominal  subcutane<^us 
veins  or  milk  veins.^^  These  veins  run  forward  from  the  uil<lc'r 
on  the  abdomen  immediately  under  the  skin;  in  milking  cows 
they  are  usually  extremely  large  and  prominent,  and  blood  nuiy 
be  obtained  from  them  by  means  of  a  trochar  and  cannula  ratluM* 
more  easily  than  from  the  jugular  vein. 

Our  experimental  procedure  has  consisted  in  obtaining  samplers 
of  blood  from  the  milk  veins  and  from  the  jugular  veins  of  milk- 
ing and  dry  cows,  as  nearly  simultaneously  as  iwacticable,  and  in 
analyzing  the  blood  and  plasma  from  such  samples  for  total. 
lipoid,  and  inorganic  phosphorus.     Five  such  experiments  have 

2*  Chauveau,  A.,  'i  ho  comparative  anatomy  of  the  domesticated  ani- 
mals. New  York,  2nd  edition,  100").  711.  998-999.  Sisson,  S.,  The  anatomy 
of  the  domesticated  animals,  Philadelphia  and  London.  2nd  edition. 
1914.  fi09.  721. 
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been  carried  out  on  milking  cows  and  three  on  dry  cows.  Of 
these  eight  experiments,  the  results  of  five  are  reported  in  detail 
in  the  protocols  of  Experiments  1  to  5. 

In  Experiment  1  the  chemical  analyses  ran  smoothly.  The 
differences  between  checks  are  less  than  2  per  cent  throughout, 
and  the  lipoid  and  inorganic  fractions  in  both  jugular  and  mam- 
mary plasma  add  up  to  very  nearly  the  amount  of  the  totals  as 
determined  independently.  The  result  seems  at  first  sight  rather 
surprising.  Apparently  the  only  change  brought  about  in  the 
plasma  by  its  passage  through  the  mammary  gland  is  an  increase 
in  the  amount  of  inorganic  phosphate  contained  in  it,  amounting 
to  0.65  mg.  per  100  gm.  of  plasma.  As  there  is  no  change  in  the 
lipoid  phosphorus,  the  increase  in  inorganic  shows  itself  as  an  in- 
crease in  the  total,  so  that  the  mammary  plasma  contains  more 
phosphorus  than  does  the  jugular. 

Such  a  condition  cannot,  of  course,  be  usual  in  milking  cows. 
The  mammary  gland  of  a  milking  cow  must,  on  the  whole,  be 
taking  phosphorus  from  the  blood  instead  of  discharging  phos- 
phonis  into  it,  and  Experiment  1  nmst  represent  abnormal  or 
unusual  conditions.  The  subject  of  this  experiment  Jiad  been 
greatly  disturbed  by  the  experimental  procedure  (see  protocol), 
and  we,  therefore,  carried  out  further  experiments  in  which  our 
methods  of  avoiding  disturbance  to  the  subjects  were  gradually 
improved.  The  first  two  of  these  gave  results  essentially  similar 
to  those  of  Experiment  1,  and  are  not  reported  in  detail  here. 
In  the  first  of  tliem  the  cow  was  almost  as  much  disturbed  be- 
fore the  collection  of  the  mammary  blood  as  in  Experiment  1. 
In  the  second,  she  was  decidedly  less  disturbed  than  in  Experi- 
ment 1,  and  there  was  some  indication  that  the  lipoid  phos- 
phorus in  the  mammary  plasma  was  decreased.  The  decrease 
was  small,  however,  in  comparison  to  the  increase  in  the  inorganic 
phosphorus,  and  our  checks  did  not  agree  closely  enough  to  sat- 
isfy us  that  it  might  not  have  been  the  result  of  experunental 
error.  In  this  experiment  we  compared  the  total  phosphorus  con- 
tent of  the  jugular  and  mammary  blood,  as  well  as  that  of  the 
plasma,  and  found  an  increase  in  the  total  phosphorus  of  the 
mammary  l)loo(l  closely  corresponding  to  the  increase  found  in  the 
mammary  plasma. 
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In  Experiments  2  and  3  our  methods  of  avoiding  disturbance  to 
the  subjects  before  and  during  the  taking  of  the  manmiary  samples 
were  much  improved.  These  experiments,  like  the  tliree  others, 
indicate  that,  at  the  time  they  were  being  carried  out,  the  mam- 
mary gland  was  discharging  inorganic  phosphate  into  the  blood 
stream.  But  they  differ  from  them  in  indicating  that  at  the  same 
time  the  gland  was  taking  up  lipoid  phosphorus  from  the  blood. 
In  Experiment  2  enough  lipoid  phosphorus  was  taken  up  to  com- 
pensate for  the  discharge  of  inorganic  phosphate  into  the  blood; 
in  Experiment  3  the  discharge  of  inorganic  phospliate  was  decid- 
edly larger  than  in  any  of  the  others  and  the  amount  of  lipoid 
phosphorus  taken  up  w^as  not  enough  to  compensate  for  it.  But 
the  lipoid  phosphorus  taken  up  was  nevertheless  larger  than  in 
the  case  of  Experiment  2 — somewhere  between  0.55  and  0.74  mg. 
per  100  gm.of  plasma. 

The  experiments  taken  together  indicate  tliat  in  milking  cows 
,  the  mammary  gland  is  continually  discharging  inorganic  phosphate 
into  the  blood;  that,  when  the  cow  is  undisturl>ed,  the  gland  takes 
lipoid  phosphorus  from  the  blood;  but  that  this  latter  process  is 
interfered  with  by  even  comparatively  slight  disturbance.  It 
seems  to  us  that  these  results  can  best  be  interpreted  by  sup- 
posing that  the  gland  gets  from  the  blood  both  the  fat  and  phos- 
phorus which  it  requires  for  milk  secretion  in  the  fonn  of  phos- 
phatide— either  lecithin  or  some  related  body. 

Lecithin  contains  about  one  part  by  weight  of  phosphorus  to 
eighteen  of  fat;  other  phosphatides  contain  a  still  larger  amount  of 
phosphorus  in  proportion  to  the  fat.  Milk,  on  the  other  hand, 
contains  one  part  of  phosphorus  to  about  50  parts  of  fat.  It  is 
obvious,  therefore,  that  if  the  mammary  gland  gets  from  the  blood 
enough  phosphatide  to  supply  the  milk  with  fat,  it  must  get 
with  it  more  phosphorus  than  is  required  for  the  milk,  and  the 
excess  must  be  returned  to  the  blood.  These  considerations  ex- 
plain the  back-flow  of  inorganic  phosphate  from  the  gland  to  the 
blood  which  occurred  in  all  of  the  experiments. 

It  will  be  well  to  continue  the  discussion  of  these  experiments  l)y 
referring  to  the  work  of  Kaufmann  and  Magne^®  who  compared 
the  sugar  content  of  the  jugular  and  mammary  blood  of  milking 

5*  Kaufmann,  M.,  and  Magne,  H.,  Compt.  rend,  Acad.,  1000.  cxliii,  779. 
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and  dry  cows.    Our  experience  has   been,   in   many   respects, 
parallel  to  theirs. 

These  authors  have  investigated  the  mammary  secretion  of  lac- 
tose by  comparing  the  sugar  content  in  samples  of  blood  obtained 
nearly  simultaneously  from  the  manunary  and  jugular  veins. 
They  found  that  in  milking  cows  the  mammary  blood  always 
contained  less  sugar  than  the  jugular.  Their  experiments  were 
carried  out  on  different  cows  giving  different  amounts  of  milk 
and  at  different  periods  after  milking,  etc.,  so  that  the  averages 
of  their  figures  are  not  very  significant.  But  their  results  in 
round  numbers  may  be  indicated  by  saying  that  the  jugular  blood 
generally  contained  about  0.08  per  cent  of  sugar  while  the  mam- 
mary blood  contained  only  0.07  per  cent;  each  100  cc.  of  blood 
in  passing  through  the  gland  gave  up  to  it  about  0.01  gm.  of 
sugar  Their  cows,  as  nearly  as  can  be  judged  from  their  de- 
scription, gave  about  10  liters  of  milk  daily;  and,  by  using  these 
figures  and  reckoning  the  amount  of  lactose  in  the  milk  at  5  per 
cent,  a  rough  calculation  can  be  made  of  how  much  blood  was 
passing  through  the  mammary  gland  per  minute  in  their  experi- 
ments.*^ 10  liters  of  milk  with  a  5  per  cent  lactose  content 
would  contain  500  gm.  of  lactose;  in  other  words  the  cows  used 
by  Kaufmann  and  Magne  were  secreting  about  500  gm.  of  lac- 
tose daily.  They  were  secreting,  therefore,  500  -t-  (24  X  60)  or 
about  0.35  gm.  of  lactose  per  minute.  And,  if  each  100  gm.  of 
blood  passing  through  the  mammary  gland  yielded  to  it  0.01  gm. 
of  sugar,  it  would  require  100  X  35  or  3.5  liters  of  blood  to  yield 
0.35  gm.  of  lactose;  that  is,  according  to  Kaufmann  and  Magne's 
figures,  about  3.5  liters  of  blood  were  passing  through  the  udders 
of  their  cows  per  minute.  It  is  realized  that  this  estimate  is  very 
rough;  no  doubt  the  rate  at  which  the  blood  passes  through  the 
mammary  gland  varies  enormously  in  different  cows  and  under 
different  physiological  conditions.  But  to  have  even  a  rough 
idea  of  this  rate  is  desirable,  in  ordei*  to  see  to  what  extent  the 

*'  As  far  as  we  know,  the  experimental  evidence  is  all  in  favor  of  the 
view  that  in  lactating  animals,  milk  secretion  is  going  on  all  the  time. 
See  Roehrig,  A.,  Virchows  Arch.  path.  Anat.,  1876,  Ixvii,  119.  Foi,  C, 
Arch.  Fisiol.,  1912,  x,  402.  See  also  Gaines,  W.  L.,  Am.  J.  Physiol. ,  1915, 
xxxviii,  303.  Our  own  results  and  those  of  Kaufmann  and  Magne  still 
further  confirm  this  view. 
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results  of  our  experiments  would  account  for  the  secretion  of 
milk  fat. 

The  cows  used  in  Experiments  2  and  3  were  giving  each  about 
10  liters  of  milk  daily  and  about  400  gin.  of  fat.  Their  glands, 
therefore,  would  take  from  the  blood  about  400  -^  (24  X  60)  or 
280  mg.  of  fat  per  minute.  Supposing  that  3  liters  of  blood  were 
passing  through  the  gland  per  minute,  this  would  mean  that 
from  each  100  cc.  of  blood  passing  through  280  -?-  30  or  9  mg. 
of  fat  in  the  form  of  phosphatide  would  he  taken.  As  the  pro- 
portion of  fat  to  phosphorus  in  phosphatide  is  about  18:  1,  this 
would  mean  that  9  -^  18  or  0.5  mg.  of  lipoid  phosphorus  would 
be  taken  from  each  100  oc.  of  blood  passing  through  the  gland. 
This  figure  corresponds  satisfactorily  with  those  which  have  been 
actually  found.  While  we  realize  very  fully  the  possible  inaccu- 
racy of-  many  of  the  assumptions  on  which  the  above  calculation 
is  based,  we  still  feel  that  the  agreement  between  the  expected 
and  the  experimental  figures  for  the  differences  in  lipoid  phos- 
phorus concentration  as  between  jugular  and  mammary  plasma 
helps  to  confirm  the  view  that  milk  fat  is  derived  from  plasma 
phosphatide. 

It  would  be  satisfactory  if,  in  such  experiments  as  those  de- 
scribed above,  determinations  of  total  fat  in  the  plasma  could  l)e 
made  along  with  the  phosphorus  determinations  to  demonstrate 
that  the  decrease  in  total  fat  in  the  mammary  plasma  is  only 
sufficient  to  cover  the  decrease  in  phosphatide.  In  some  of  the 
experiments  fat  determinations  were  made  according  to  the 
nephelometric  method  described  by  Bloor  (sec  above)  and  it  was 
found  that  the  plasma  contained  about  0.8  per  cent  of  total  fat. 
The  expected  decrease  would  be  0.009  per  cent,  only  a  little  more 
than  one  hundredth  part  of  the  total,  and  we  fear  that  none  of 
the  fat  methods  with  which  we  are  familiar  could  demonstrate 
such  small  proportional  differences. 

We  did,  however,  determine  the  total  fat  in  the  jugular  and 
mammary  plasma  in  Experiment  1.  The  results  indicated,  as 
far  as  they  went,  that  the  jugular  and  mammary  plasma  con- 
tained the  same  amounts  of  fat,  but  the  differences  between  the 
checks  were  very  much  larger  than  the  difference  that  might  be 
expected  between  the  phosphorus  contents  of  the  two  samples  of 
plasma  as  the  result  of  the  taking  up  of  fat  by  the  mammary 
gland. 
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We  endeavored  to  control  our  experiments  as  Kaufmann  and 
Magne  did  theirs  by  comparing  samples  of  jugular  and  mammary 
blood  from  cows  that  were  not  milking.  The  results  are  given  in 
the  protocols,  Experiments  4  and  5.  Considerably  to  our  sur- 
prise, these  cows  also  were  apparently  discharging  inorganic 
phosphate  from  the  mammary  gland  into  the  blood,  and  at  about 
the  same  rate,  as  far  as  could  be  judged  from  the  figures,  as  the 
milking  cows.  Neither  cow  appeared  to  be  taking  up  lipoid 
phosphorus  from  the  blood  into  the  gland.  Cow  106,  Experi- 
ment 4,  had  been  dry  for  only  a  few  days,  and  still  had  a  good  deal 
of  milk  in  her  udder;  Cow  115,  Experiment  5,  had  never  had  a 
calf,  and  was  probably  not  pregnant  at  the  time  the  experiment 
was  carried  out. 

These  results  made  us  think,  at  first,  that  our  earlier  results  on 
the  milking  cows  might  have  had  nothing  to  do  with  milk  secre- 
tion; and  they  caused  us  to  look  very  carefully  into  the  technique 
of  our  experiments  and  into  the  physiology  of  the  mammary 
gland  in  "dry*'  cows. 

As  was  said  above,  the  milk  vein  in  a  milking  cow  is  very 
large  and  close  under  the  skin.  When  the  animal  is  standing,  it 
lies  considerably  lower  than  the  jugular  vein;  and  partly  for  this 
reason,  partly,  perhaps,  because  the  blood  flow  through  the  active 
gland  is  very  free,  one  can  collect  blood  suflSciently  rapidly  from 
it  through  quite  a  small  cannula.  We  found  that  in  order  to  col- 
lect blood  from  the  mammary  vein,  it  was  not  necessary  to  fasten 
the  cow  in  any  special  way  at  all.  She  was  simply  allowed  to 
stand  with  her  head  in  the  stanchion  as  she  does  at  all  times 
when  she  is  standing  in  her  stall.  One  of  the  assistants  held  his 
arm  in  front  of  her  hind  legs  while  the  mammary  cannula  was 
being  inserted  to  avoid  any  possibility  of  effective  kicking;  but, 
in  Experiments  2  and  3,  in  which  the  reduction  of  lipoid  phos- 
phorus in  the  mammary  plasma  was  demonstrated,  this  precau- 
tion turned  out  to  be  unnecessary,  for  the  cows  made  no  attempt 
to  kick,  and,  indeed,  seemed  hardly  to  notice  the  insertion  of  the 
trochar  and  cannula  at  all. 

To  collect  blood  from  the  jugular  vein  is  not  so  easy.  It 
is  necessary,  in  the  first  place,  to  hold  the  cow's  head  so  that 
her  neck  shall  be  more  or  less  extended,  and  this  procedure  always 
causes  some  uneasiness.    As  the  vein  lies  deeper  under  the  skin 
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than  the  milk  vein,  a  larj^er  cannula  is  necessarj',  and  it  is  f^ener- 
ally  not  quite  so  easy  to  insert  it.  But  the  process  is  not  a  com- 
plicated one.  Only  a  few  minutes  elapseil  in  Experiments  2  and 
3  between  the  end  of  the  collection  of  the  mammarj"  blood  and 
the  beginning  of  the  collection  of  the  jugular  blood. 

The  result  of  our  first  three*^  experiments  indicated  that  it 
takes  only  a  small  disturbance  to  interfere  with  the  taking  up  of 
phosphorus  from  the  blood  by  the  mammary  gland.  It  was 
thought  advisable,  therefore,  to  avoid  disturbance  as  far  as  pos- 
sible before  and  during  the  collection  of  the  mammary  sample, 
and  for  this  reason  the  whole  procedure  necessary  for  the  col- 
lection of  the  jugular  sample  was  left,  in  Experiments  2  and  3, 
until  after  the  mammary  sample  had  been  collected.  It  was 
realized  that  this  course  introduced  the  objection  that  the  cow 
was  somewhat  disturbed  between  the  collections  of  the  two 
samples  of  blood  that  were  to  be  comparec}  with  each  other,  but 
it  was  not  thought  that  the  disturbance  would  be  sufficient  to 
alter  materially  the  phosphorus  content  either  of  the  l>lood  as  a 
whole,  or  of  the  blood  coming  from  the  jugular  vein.  Further, 
we  hoped  to  control  this  point  completely  by  our  experiments  on 
the  dry  cows.  But  our  experiments  on  the  dry  cows  do  not 
furnish  a  complete  control  in  regard  to  this  point.  As  far  as  the 
increase  in  inorganic  phosphate  in  the  mammary  plasma  is  con- 
cerned it  occurs  in  the  dry  cows  as  well  as  in  the  milking  ones, 
and  to  a  surprisingly  similar  extent.  The  decrease  in  the  lipoid 
phosphorus  of  the  mammary  plasma  does  not  occur  in  the  dry 
cows.  The  experiments  on  the  dry  cows  were  carried  out  later 
than  Experiments  2  and  3,  and  we  tried  to  make  them  similar 
to  these  in  every  respect,  so  that,  as  far  as  the  lipoid  phosphorus 
is  concerned,  they  do  control  Experiments  2  and  3  to  a  certain 
extent.  But  they  do  not  do  so  completely,  because  the  milk 
veins  in  dry  cows  are  smaller  than  in  milking  cows — in  heifers 
that  have  never  had  calves  they  are  very  nmch  smaller.  For  this 
reason  it  is  more  difficult  to  insert  a  trochar  and  cannula  in  the 
milk  vein  of  a  dry  cow,  and  the  animals  used  in  Experiments  4 
and  5  showed  more  sign  of  disturbance  when  the  cannula  was  in- 

"  Between  Experiments  1  and  2,  two  others  were  carried  out  which  had 
the  same  results  as  Experiment  1.  It  has  not  been  thought  worth  while  to 
report  them  in  detail. 
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serted  in  their  milk  veins  than  did  the  animals  used  in  Experi- 
ments 2  and  3.  Both  the  cows  used  in  Experiments  4  and  5 
made  attempts  to  kick.  It  was  thought  desirable,  therefore,  to 
control  the  experiments  in  another  way. 

The  method  chosen  was  to  obtain  two  samples  of  jugular  blood, 
one  with  as  little  disturbance  as  possible  to  the  subject,  and  the 
other  after  the  same  amount  of  disturbance  as  occurred  in  Ex- 
periments 2  and  3.  For  this  purpose  a  cow  was  chosen  which 
had  been  dry  for  some  time.  The  details  of  the  experimental  pro- 
cedure and  the  results  are  given  in  the  protocols  under  Experi- 
ment 6.  It  will  be  noted  that  there  is  no  significant  difference 
between  the  two  samples  of  blood  and  plasma  with  respect  either 
to  lipoid  or  inorganic  phosphorus;  and  the  experiment  may, 
therefore,  be  taken  to  indicate  that  the  differences  in  the  phos- 
phorus content  of  jugular  and  mammary  blood  and  plasma  ob- 
served by  us  in  Experiments  1  to  5  were  not  due  to  any  change 
in  the  whole  body  of  blood  brought  about  by  the  disturbance 
of  the  subject  which  occurred  between  the  collections  of  the  mam- 
mary and  of  the  ji^gular  samples. 

We  have  pointed  out  above  that  the  tissues  drained  by  the 
jugular  vein  are  for  the  most  part  muscles,  and  that  the  phos- 
phorus metabolism  of  muscle  would  be  too  small  to  affect  the  re- 
sults of  such  experiments  as  we  have  been  discussing.  But  we 
feel  that  it  is  worth  while  to  consider  the  phosphorus  metabolism 
of  muscle  more  fully  at  this  point,  both  on  account  of  its  bearing 
on  the  results  of  these  experiments,  and  on  account  of  its  own 
intrinsic  importance. 

It  has  been  shown  by  a  number  of  workers  that  muscular  exer- 
cise in  intact  animals  and  human  beings  causes  an  increase  in  the 
phosphate  excreted  with  the  urine,^  and  that  the  activity  of  stri- 
ated muscle  results  in  an  increase  in  the  inorganic  phosphate 
contained  within  it.'*  These  results  may  be  taken  to  show  that 
in  active  muscles  inorganic  phosphate  is  produced  from  some 

"  Flint,  A.,  Jr.,  N.  Y.  Med.  J.,  1871,  xiii,  609.  Klug,  F.,  and  Olsavszky, 
v.,  Arch.  ges.  Physiol.,  1893,  liv,  21.  For  further  references  on  this  subject 
see  Forbes,  E.  B.,  and  Keith,  M.  H.,  A  review  of  the  literature  of  phosphorus 
compounds  in  animal  metabolism,  Ohio  Agric.  Exp.  Sta.,  Technical  Bull.  6, 
1914,  464  ff. 

^  Macleod,  J.  J.  R.,  Z.  physiol.  Chem.,  1899,  xxviii,  535. 
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organic  phosphorus  compound,  and  that  the  inorganic  phosphate 
so  formed  tends  to  escape  to  the  blood  and  to  be  excreted  in  the 
urine.  But  Madeod  has  shown  that  the  muscles  of  animals 
which  have  been  put  through  a  period  of  vigorous  exercise  con- 
tain more  total  phosphorus  than  do  unexercised  muscles.'^  As 
the  exercised  muscles  contain  more  totaJ  phosphorus  in  spite  of 
the  fact  that,  during  exercise,  muscles  tend  to  give  up  inorganic 
phospliate  to  the  blood,  they  must  have  taken  up  organic  phos- 
phorus from  the  blood.  And,  as  the  blood  plasma  contains  only 
lipoid  and  inorganic  phosphorus,  the  organic  phosphorus  must 
have  l^een  taken  up  in  the  form  of  phosphatide. 

It  would  seem,  therefore,  that  the  phosphorus  and  fat  metabol- 
ism of  the  mammary  gland  and  of  striated  muscle  are  roughly 
parallel.  Both  tissues  receive  their  fat  and  phosphorus  from  the 
blood  in  the  form  of  phosphatide;  both  convert  the  phosphatide 
into  fat  and  inorganic  phosphate;  they  use  the  fat,  in  the  one  case, 
to  supply  the  fat  of  milk,  in  the  other,  to  bum  and  supply  energy; 
and  they  return  the  inorganic  phosphate  largely  or  wholly  to  the 
blood.  It  is  impossible,  therefore,  to  explain  the  differences  which 
have  been  observed  by  us  in  the  lipoid  and  inorganic  phosphorus 
content  of  jugular  and  mammary  blood  as  the  result  of  phosphorus 
metabolism  carried  on  in  the  muscles  drained  by  the  jugular  vein. 
Muscles  take  lipoid  phosphorus  from  the  blood  passing  through 
them  and  discharge  inorganic  phosphorus  into  it;  and  the  results 
of  our  experiments  show,  as  was  to  have  been  expected,  that  these 
processes  go  on  much  more  rapidly  in  the  case  of  the  mammary 
gland  than  in  the  case  of  the  muscles. 

It  is  justifiable  to  conclude,  then,  that  the  differences  in  the 
phosphorus  content  of  jugular  and  mammary  plasma  observed 
by  us  are  the  result  of  the  metabolic  activity  of  the  mammary 
gland.  Two  aspects  of  the  results  remain  to  be  discussed;  namely, 
the  fact  that  the  taking  up  of  lipoid  phosj^horus  by  the  gland 
was  never  more  than  enough  to  balance  its  discharge  of  inorganic 
phosphorus,  and  the  fact  that  such  large  amounts  of  inorganic 
phosphorus  were  discharged  into  the  blood  by  the  glands  of  the 
non-milking  cows. 

We  believe  that  the  first  of  these  circumstances  is  to  be  ex- 
plained partly  by  the  supposition  that  even  in  our  most  successful 
experiments  the  subjects  were  enough  disturbed  by  the  procedure 
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to  interfere  to  some  extent  with  the  taking  up  of  phosphatide  by 
the  mammarry  gland.  But  we  believe  also  that  in  most  of  the  ex- 
periments the  procedure  caused  a  more  than  normally  rapid  dis- 
charge of  inorganic  phospliate  from  the  gland  to  the  blood.  In 
all  except  Experiment  2  the  mammary  gland  was  more  or  less 
physically  agitated.  It  sooms  not  improbable  a  priori  that  physi- 
cal agitation  of  the  mammarj'^  gland  would  accelerate  the  dis- 
charge of  phosphate  from  its  cells  to  the  blood,  and  the  experi- 
ments furnish  evidence  indicating  that  this  is  the  case. 

The  least  difference  in  inorganic  phosphate  content  of  jugular 
and  mammary  blood  that  we  obtained  was  in  the  case  of  Cow 
211,  Experiment  2.  In  this  case  the  subject's  udder  was  not 
disturbed  at  all  either  by  milking  or  by  any  attempt  on  her 
part  to  kick.  The  greatest  difference  ^yas  obtained  in  the  case  of 
Cow  17,  Experiment  3,  where  the  calf  was  allowed  to  suck  before 
and  during  the  collection  of  the  mammarj'  blood  sample,  and 
spent  much  of  the  time  when  it  was  supposed  to  be  sucking  in 
butting  the  udder  with  its  nose.  In  the  other  experiments,  where 
the  results  were  intermediate,  the  udder  was  physically  agitated, 
though  decidedly  less  than  in  Experiment  3,  sometimes  by  having 
tlfe  cow  milked  by  an  assistant  during  the  collection  of  the  mam- 
mary sample,  sometimes  by  her  own  attempts  to  kick. 

We  believe  that  the  discharge  of  inorganic  phosphate  from  the 
mammary  gland  cells  to  the  blood  in  the  non-milking  cows  is  to 
be  explained  by  supposing  that  these  cells  remain  to  some  extent 
active  for  a  long  time  after  a  cow  has  become  dry,  and  become 
active  in  heifers  before  they  have  become  pregnant  for  the  first 
time.  Wc  should  feel  some  timidity  about  basing  this  statement 
on  the  results  of  our  blood  analyses  alone,  but  they  are  supported 
by  so  much  independent  evidence  that  there  can  be  no  doubt  of 
their  truth.  Several  cc.  of  milk  were  readilv  obtained  from  the 
udder  of  each  of  the  diy  cows  used  in  the  experiments  described 
above,  and  from  another  cow,  selected  for  examination  because 
she  had  been  dry  for  some  tinje.  These  cows  had  not  been  milked 
for  G  days,  25  days,  and  nearly  4  months  respectively.  A  few  cc. 
of  milk  were  also  obtained  from  the  udder  of  Cow  115,  a  heifer 
about  3  years  old  which  had  never  had  a  calf  and  was  probably 
not  pregnant,  though  she  had  been  bi*ed  unsuccessfully  a  number 
of  times.     As  Cow  115  might  possibly  have  been  pregnant  from 
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some  of  the  later  services,  another  heifer  was  selected  for  exami- 
nation. This  animal  was  15  months  old  and  had  never  been 
bred  at  all.  A  few  drops  of  milk  were  obtained  without  much 
difficulty  from  her  udder.  Hill"  has  recently  n»ported  the  case 
of  a  virgin  kid,  which  yielded  120  cc.  of  milk  when  it  was  about  4 
months  old.  It  was  milked  at  intervals  for  the  next  3  months, 
1,900  cc.  being  obtained  altogether.  The  milk  was  analyzed  and 
found  to  be  normal  in  every  way.  A  somewhat  similar  case  has 
been  reported  by  Pfaundler,'*  and  Schein'^  has  elaboratx^d  a  theory 
of  continuous  milk  secretion. 

The  difference  between  the  concentrations  of  inorganic  phos- 
phate in  the  jugular  and  mammary  plasma  of  non-milking  cows 
is  about  the  same  as  in  the  milking  cows.  We  believe  that  this 
circumstance  is  connected  with  the  fact  that  the  blood  flows  very 
much  less  rapidly  through  the  glands  of  non-milking  animals. 
We  have  had  occasion  to  make  a  more  or  less  careful  examination 
of  the  milk  veins  of  mature  dry  and  milking  cows,  and  of  young 
farrow  heifers.  In  the  milking  cows  this  structure  is  very  large, 
and,  in  the  heifers,  quite  small;  it  probably  carries  not  more 
than  one-tenth  the  amount  of  blood  in  the  latter  case,  and  per- 
haps even  much  less  than  this.  In  the  dry  mature  cows  that  ^-e 
have  examined,  the  milk  vein  has  perhaps  nearly  the  same  ca- 
pacity as  in  the  milking  ones,  but  it  gives  the  impression  of  carry- 
ing very  much  less  blood.  It  feels  less  distended,  and  blood 
flows  decidedly  slower  from  a  cannula  inserted  in  it.  It  seems  not 
improbable  that  the  activity  of  the  mammary  gland  cells  is  de- 
pendent on  the  amount  of  blood  flowing  through  the  gland  as 
much  as  on  any  other  single  factor.'^ 

Many  of  the  features  of  fat  and  phosphorus  secretion  by  the 
mammary  gland,  as  indicated  by  our  results,  arc  closely  paralleled 
by  what  is  already  known  regarding  the  secretion  of  carbohy- 
drate. It  has  been  observed  for  instance  by  several  investigators 
that  animals  in  the  early  stages  of  lactation  or  just  before  par- 
turition are  likely  to  exhibit  lactosuria.     Thus  von  Noorden'® 

"Hill,  R.  L.,  /.  Biol.  Chem.,  1918,  xxxiii,  391. 
'•Pfaundlcr,  M.,  Z.  Kinderh.,  1912,  iii,  191. 
"Schein,  M.,  Wien.  klin.  Woch.,  1910,  xxiii,  1337. 
"  The  sam^  conclusion,  though  from  very  different  evidence,  has  been 
reached  by  Roehrig.*! 

'•  von  Noorden,  H.,  Arch,  physiol.,  1893,  385. 
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found  that  when  glucose  was  given  per  os  to  a  newly  laetating  goat, 
lactose  appeared  in  the  urine.  Porcher  has  repeated  this  experi- 
ment on  a  dog  and  obtained  similar  results.^*  And  Kaufmann 
and  Magne'°  found  that  one  of  the  cows  experimented  on  by  them 
exhibited  lactosuria  24  hours  before  she  calved  and  for  3  days 
thereafter.  They  obtained  blood  samples  from  the  jugular 
and  mammary  veins  of  this  cow  24  hours  before  she  calved  and 
found  that  the  manunary  blood  contained  considerably  less  sugar 
than  the  jugular,  though  at  this  time  the  cow  was  presumably 
giving  no  milk.  They  are  extremely  brief  in  giving  their  methods 
of  analysis  and  their  experimental  results;  but,  as  far  as  can  be 
judged  from  what  they  say,  the  decrease  in  the  figure  obtained  by 
them  for  the  sugar  content  of  mammary  blood  would  be,  at  least 
in  part,  accounted  for  by  supposing  that  some  of  the  glucose  was 
taken  out  of  the  blood  by  the  mammary  gland  and  that  lactose 
was  substituted  for  it. 

There  is  thus  evidence  that  the  lactose  which  the  mammary 
gland  cells  manufacture  from  glucose  may,  under  certain  circum- 
stances, be  partly  returned  to  the  blood,  just  as  is  a  part  of  the 
phosphate  which  they  manufacture  from  phosphatide;  and  also 
that  before  parturition,  when  the  gland  is  not  actively  secreting 
milk,  its  cells  may,  nevertheless,  be  taking  up  glucose  from  the 
blood,  converting  it  to  lactose,  and  returning  this  to  the  blood, 
just  as  they  may  be  taking  up  phosphatide,  and  returning  the 
phosphate,  and  presumably  the  fat  also,  to  the  blood. 

In  a  nimiber  of  experiments  on  the  comparison  of  jugular  and 
mammary  blood,  it  was  found  that  the  jugular  blood  contained  a 
greater  volume  of  corpuscles  than  the  manmiary  (see  protocols). 
The  differences  varied  greatly,  but  were  always  in  favor  of  the 
jugular  blood,  if  they  occurred  at  all.  In  Experiment  3  on  Cow 
17  the  jugular  blood  contained  31.4  volumes  per  cent  of  corpuscles, 
whereas  the  manmiary  contained  only  28.2  volumes  per  cent,  so 
that  the  corpuscles  in  the  mammary  blood  were  decreased  by 
more  than  10  per  cent  of  their  volume  in  the  jugular  blood.  It  is 
unlikely  that  any  osmotic  changes  in  the  plasma  brought  about 
by  the  taking  up  of  water,  salts,  or  sugar  by  the  mammary  gland 
could  produce  so  large  a  shrinkage  in  the  volume  of  the  cor- 
puscles; and  it  is  probable,  therefore,  that  the  difference  is  to  be 

^0  Porcher,  C,  Arch,  internal,  physiol.,  1909,  viii,  356  ff. 
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explained  as  a  difference  in  the  numl^er  of  corpuscles  in  the  two 
samples  of  blood.  An  examination  of  the  figures  for  total  phos- 
phorus in  blood  and  plasma  in  this  experiment  supports  this  view. 
In  the  case  of  the  whole  blood,  the  jugular  sample  contains  more 
total  phosphorus  than  the  manmiary,  while  these  relations  are 
reversed  in  the  case  of  the  two  samples  of  plasma.  As  the  cor- 
puscles contain  considerably  more  phosphorus  per  unit  of  volume 
than  the  plasma,  this  circumstance  is  very  well  explained  by 
supposing  that  in  this  experiment  the  jugular  blood  contained  a 
larger  number  of  corpuscles  than  the  mammary,  and  that  the 
phosphorus  contained  in  these  extra  corpuscles  was  more  than 
enough  to  offset  the  lesser  phosphorus  content  of  the  jugular 
plasma. 

It  would  seem,  therefore,  that,  under  the  conditions  of  our 
experiments  the  jugular  blood  is  likely  to  contain  a  rather  variably 
larger  number  of  corpuscles  than  the  mammary.  If  this  phe- 
nomenon showed  more  regularity,  it  might  conceivably  be  taken  to 
mean  that  corpuscles  had  a  tendency  to  become  engaged  and 
held  in  the  capillaries  of  the  mammary  gland,  and  there  broken 
up,  while  the  products  of  their  decomposition  are  used  for  milk 
secretion.  But  the  greatest  difference  between  jugular  and  mam- 
mary corpuscles  was  in  the  case  of  Cow  115,  which  had  never  had 
a  calf,  and  in  which  there  was  no  sign  of  the  taking  up  of  lipoid 
phosphorus  by  the  mammary  gland;  while  in  the  case  of  Cow  211, 
in  which  secretion  was  going  on  actively,  the  difference  was  smaU. 
It  seems  to  us  more  likely,  therefore,  that  the  phenoni(»non  is 
some  unforeseen  effect  of  the  experimental  procedure;  possibly  the 
movements  of  the  head,  which  always  occur  as  the  i*esult  of  the 
collection  of  the  jugular  sample,  result  in  the  washing  out  from 
the  capillaries'  of  the  muscles  drained  by  the  jugular  vein  of  a 
varying  small  amount  of  corpuscles  which  have  collected  there 
during  the  preceding  period  of  greater  quiescence. 

It  might  be  expected  that,  if  plasma  phosphatide  is  the  pre- 
cursor of  milk  fat,  there  would  be  some  tendency  to  parallelism 
between  the  concentration  of  phosphatide  in  a  cow's  phi.'=«ina  at 
any  given  time  and  the  percentage  of  fat  in  the  milk  secreted 
at  the  same  time.  With  this  idea  in  mind  we  have  compared 
the  phosphatide  concentrations  in  a  numlx?r  of  our  samples  of 
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periments  at  about  the  time  the  blood  samples  were  obtained. 
The  results  have  shown  it  to  be  a  rough  general  rule  that  cows 
with  a  high  percentage  of  plasma  phosphatide  are  likely  to  5deld 
milk  rich  in  fat,  but  there  are  many  individual  exceptions.  The 
most  that  can  be  said  is  that,  while  the  phosphatide  concentration 
in  the  plasma  is  probably  one  of  the  factors  which  influence  the 
fat  content  of  milk,  there  are  other  factors  which  often  mask  its 
influence. 

The  literature  on  the  inunediate  precursor  of  milk  fat  is  not 
large.  The  evidence  which  bears  most  directly  on  the  question  is 
contained  in  the  experiments  of  Fok.^  This  author  perfused  the 
isolated  mammary  glands  of  sheep  with  various  fluids,  and  showed 
quite  conclusively  that  milk  secretion  may  still  go  on  in  the  iso- 
lated gland.  His  results  indicate  also  that  milk  fat  may  be 
derived  from  triglycerides  in  the  blood. 

He  found  that  when  he  perfused  Ringer's  solution  in  which  olive 
oil  or  triolein  was  emulsified,  through  the  vessels  of  the  gland,  he 
obtained  a  fluid  from  the  duct  which  contained  fat.  That  the 
ohve  oil  and  triolein  emulsions  had  not  simply  filtered  through  the 
gland  cells  into  the  ducts  is  shown  by  the  facts  that  the  fat  in  the 
fluid  obtained  from  the  duct  was  in  the  form  of  globules  with  the 
microscopic  appearance  of  those  normally  seen  in  milk,  and  that 
it  had  a  lower  iodine  number  than  the  ohve  oil  and  triolein  mixed 
with  the  perfusion  fluid.  That  the  fat  in  the  fluid  issuing  from 
the  duct  was  not  simply  fat  which  had  been  present  in  the  gland 
cells  before  the  beginning  of  the  experiment  and  had  been  washed 
out  into  the  ducts  by  the  perfusion  fluid  is  indicated  by  the  fact 
that  when  Ringer's  solution  without  fat  was  perfused  through  the 
vessels,  there  issued  from  the  duct  a  fluid  which  contained  no  fat. 

We  think  that  the  olive  oil  and  triolein  may  have  entered  the 
gland  cells  from  the  perfusion  fluid,  and  that  they  may  have'  been 
partially  changed  within  the  cells  to  fats  with  lower  iodine  num- 
lx»rs;  but  we  do  not  think  that  this  proves  that  triglycerides 
enter  the  gland  cells  from  the  blood  under  normal  conditions. 
In  the  three  experiments  of  FoA  which  bear  on  the  point  the 
gland  became  edematous  quite  early,  and  in  all  of  them  the  col- 
lection of  the  fluid  issuing  from  the  duct,  which  was  afterward 
analyzed,  was  continued  after  the  edema  had  been  noted.     What- 

"  Fok,  Arch.  FisioL,  1912,  x,  402. 
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ever  theory  one  may  hold  regarding  the  nature  of  cell  surfaces,  it 
seems  reasonable  to  suppose  that  a  perfusion  fluid,  which  pro- 
duced edema  in  the  mammary  gland  in  between  1  and  2  hours, 
would  alter  the  surfaces  of  the  cells  directly  presented  to  it  be- 
fore the  edema  became  perceptible.  Alterations  in  cell  surfaces 
brought  about  by  abnormal  influences  are  ahnost  always  in  the 
direction  of  increased  permeability. 

The  cell  surfaces  of  the  glands  used  by  Foi  were,  therefore, 
probably  abnormally  permeable,  and  the  fact  that  triglycerides 
passed  through  them  would  not  prove  that  they  could  pass 
through  under  normal  conditions.  But  it  is  not  necessary  to 
suppose  that  an  alteration  in  the  surfaces  of  the  mammary  cells 
would  immediately  suspend  all  their  activities.  Urano*-  has 
shown  that  striated  muscle  cells  may  still  contract  long  after  the 
permeability  of  their  surfaces  has  been  abnormally  increased,  and 
one  of  us**  has  shown  that  a  similar  retention  of  function  may 
occur  in  clam's  muscle  after  it  has  been  for  40  hours  in  pure  cane 
sugar  solution  and  after  most  of  the  salts  that  are  normally  pres- 
ent have  diflFused  out  and  become  substituted  by  sugar.  It  would 
not  be  surprising,  therefore,  if  it  should  turn  out  that  the  mam- 
mary cells  still  retained  the  power  of  acting  on  combinations  of 
glycerol  and  fatty  acids  after  their  surfaces  had  been  so  altered  as 
to  permit  the  passage  of  materials  to  which  they  are  normally 
impermeable. 

We  think  that  our  results  indicate,  though  they  cannot  be  said 
to  prove  that  milk  fat  is  not  normally  derived  from  the  trigly- 
cerides of  the  blood.  In  two  of  our  experiments  the  taking  up  of 
phosphatide  from  the  blood  by  the  gland  cells  is  directly  demon- 
strated, and  the  rate  at  which  this  process  occurs  is,  as  far  as  can 
be  judged  from  the  data  at  hand,  sufficient  to  account  for  the 
daily'  production  of  milk  fat  on  the  supposition  that  it  all  comes 
from  the  phosphatide  of  the  blood.  In  all  of  the  experiments 
there  is  demonstrated  a  considerable  back-flow  of  inorganic  phos- 
phate from  the  gland  to  the  blood,  which  is  easy  to  understand 
on  the  supposition  that  it  represents  the  excess  phosphate  brought 
into  the  gland  cells  with  the  phosphatide  necessary  for  milk  fat 
secretion,  but  is  left  as  a  very  puzzling  fact,  if  we  must  sup- 

*2  Urano,  F.,  Z.  Biol,  1908,  I,  212.     See  also  Fahr,  G.,  ibid.,  1909,  Hi,  72. 
«  Meigs,  E.  B.,  /.  Biol.  Chem.,  1915,  xxii,  496-497. 


Meigs,  Blatherwick,  and  Gary  33 

pose  that  milk  fat  is  derived  both  from  phosphatide  and  from 
triglycerides  which  contain  no  phosphorus. 

Finally  it  seems  to  us  an  improbable  supposition  that  the  mam- 
mary gland  derives  its  fat  both  from  phosphatides  and  from  tri- 
glycerides in  the  blood.  It  is  our  belief  that  phosphatide  furnishes 
a  form  in  which  fatty  acids  may  readily  pass  through  cell  siu*- 
faces,  and  we  are  inclined  to  think  that  the  very  rapid  excretion 
of  fat  accomplished  by  the  mammary  gland  is  made  possible  by 
this  circumstance. 

Jordan  and  a  number  of  coworkers**  have  shown  that  reducing 
the  amount  of  phosphorus  in  a  cow's  rations  sometimes  reduces 
not  only  the  percentage  but  also  the  absolute  amount  of  the  fat 
secreted  with  the  milk.  This  result  does  not  always  occur,  but 
in  some  cases  it  is  quite  marked  and  persists  for  some  time.  It 
is  not  to  be  expected  that  this  result  would  occur  with  complete 
regularity.  It  has  been  shown  repeatedly^  that  a  milking  cow  is 
capable  of  taking  large  amounts  of  calcium  and  phosphorus  from 
her  bones  to  supply  any  deficiency  in  these  elements  that  may 
exist  in  her  rations.  It  is  quite  possible,  therefore,  that,  unless  a 
cow's  phosphorus  stores  were  already  more  or  less  depleted,  a 
deficiency  of  phosphorus  in  the  diet  would  not  show  itself  in  any 
disturbance  of  fat  metabolism.  But  that  a  deficiency  in  the  phos- 
phorus intake  results  even  occasionally  in  a  decrease  in  the  ex- 
cretion of  milk  fat  is  fairly  strong  confirmatory  evidence  for  the 
view  that  the  phosphatide  of  the  blood  plasma  is  the  precursor  of 
this  product. 

The  following  is  a  r6sum6  of  the  conclusions  drawn  from  our  ex- 
perimental results.  The  fat  and  phosphorus  which  are  excreted 
with  milk  come  from  some  phosphatide  body  or  bodies  in  the 
blood.  This  material  is  converted  in  the  mammary  gland  cells 
to  inorganic  phosphate  and  neutral  fat;  it  yields  two  and  a  half  or 
more  parts  of  phosphorus  to  forty-five  of  fat;  and,  as  milk  con- 
tains only  about  one  part  of  phosphorus  to  forty-five  of  fat,  some 

**  Jordan,  W.  H.,  Hart,  E.  B.,  and  Patten,  A.  J.,  Am.  J.  Physiol.,  1906, 
xvi,  268. 

*»  Hart,  E.  B.,  McCollum,  E.  V.,  and  Humphrey,  G.  C,  Am.  J.  Physiol., 
1909,  xxiv,  100;  Forbes,  E.  B.,  Beegle,  F.  M.,  Fritz,  C.  M.,  Morgan,  L.  E., 
and  Rhue,  S.  N.,  Ohio  Agric.  Exp.  Sta.,  Bull.  295,  1916;  ibid.,  Bull.  308, 
1917. 
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60  per  cent  of  the  phosphorus  which  enters  the  gland  cells  with 
the  phosphatide  precursor  of  milk  fat  must  be  returned  to  the 
blood  as  inorganic  phosphate.  This  back-flow  of  inorganic  phos- 
phate from  the  mammary  gland  to  the  blood  is  not  necessarily 
synchronous  with  the  taking  up  of  phosphatide  by  the  gland. 
The  gland  cells  are  at  all  times  loaded  with  excess  phosphate, 
and  the  escape  of  this  excess  to  the  blood  may  continue  for  some 
time  after  the  taking  up  of  phosphatide  has  ceased.  The  escape 
of  excess  phosphatide  to  the  blood  is  probably  accelerated  by  any 
physi(»al  manipulation  or  agitation  of  the  mammary  gland.  The 
taking  up  of  phosphatide  by  a  cow's  gland  is  stopped  if  she  is  sub- 
jected to  an  even  slight  psychological  disturbance. 

The  mammary  gland  cells  remain  to  some  extent  active  after  a 
cow  has  ceased  to  be  milked,  and  they  become  active  in  heifers 
even  before  they  have  become  pregnant  for  the  first  time. 

Concentrations  of  Calcium  and  Phosphorus  in  the  Blood  and  Their 

Relation  to  Milk  Secretion. 

Calcium  and  phosphorus  are  present  in  rather  small  concen- 
tration in  the  blood,  but  nevertheless  participate  actively  in  milk 
secretion.  In  the  case  of  a  cow  giving  20  liters  of  milk  per  day, 
and  having  about  25  liters  of  blood  in  her  body  altogether,  the 
total  amount  of  each  of  these  constituents  contained  in  the  whole 
body  of  blood  at  any  time  is  much  less  than  that  excreted  with  the 
daily  yield  of  milk.  We  must  think,  therefore,  of  these  two 
elements  as  being  rapidly  taken  put  of  the  blood  by  the  mam- 
mary gland  and  equally  rapidly  poured  into  it  from  other  sources; 
the  maintenance  of  the  concentration  of  each  of  them  in  the  blood 
will  depend  on  the  equalization  of  these  two  processes. 

It  is  obvious  that  milk  secretion  must,  to  some  extent,  depend 
on  the  maintenance  of  a  certain  amount  of  each  of  these  materials 
in  the  blood.  If  either  of  them  should  be  exhausted  in  the  blood, 
the  secretion  of  milk  would  probably  cease. 

Further,  the  calcium  and  phosphorus  present  in  the  blood  must 
como  ultimately  from  the  food,  and  their  concentration  in  the  blood 
must  therefore,  depend,  either  immediately  or  remotely  on  the 
amount  of  them  supplied  with  the  food.  A  knowledge  of  how  the 
concentrations  of  these  materials  behave  in    the   blood   under 
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various  circumstances  can  hardly  fail  to  throw  light  on  the  various 
problems  connected  with  their  metabplism. 

But  we  must  strongly  emphasize  the  point  that  knowledge 
gained  from  such  a  study  alone  is  necessarily  very  incomplete. 
Suppose,  for  the  sake  of  argument,  that  it  is  found  that  the  con- 
centration of  some  particular  constituent,  say  phosphatide,  in 
the  blood  is  highly  variable;  and  that  it  is  desired  to  determine 
the  factors  on  which  this  variability  depends.  The  most  cursory 
consideration  will  show  that  these  factors  are  numerous  and  not 
easily  controlled.  Steps  taken  to  alter  any  one  of  them  may 
have  unexpected  effects  on  several  of  the  others,  and  any  of  them 
may  be  altered  during  the  course  of  an  experiment  by  external  or 
internal  influences  which  it  is  impossible  to  keep  under  control. 
But  in  spite  of  these  difficulties  it  has  seemed  to  us  worth  while  to 
attempt  this  line  of  investigation,  and  we  think  that  the  results 
already  attained  have  at  least  a  certain  value  as  indications  of  the 
problems  which  ought  in  the  future  to  be  attacked. 

Calcium  of  Blood, 

The  literature  on  the  variations  which  occur  in  the  concentra- 
tion of  calcium  in  the  blood  imder  normal  conditions  is  not  very 
large,  and  can  be  profitably  considered  in  connection  with  our 
own  results. 

It  is  universally  agreed,  as  far  as  we  know,  that  the  calcium  of 
mammalian  blood  is  contained  in  the  plasma,  and  to  a  negligibly 
small  extent,  if  at  all,  in  the  corpuscles.  Our  own  experience 
falls  in  with  this  view;  we  think  it  justifiable  to  regard  it  as  estab- 
lished. In  our  discussion  we  shall  consider  only  the  concentra- 
tion of  calcium  in  the  plasma  or  serum,  omitting  any  work  which 
bears  exclusively  on  the  calcium  of  whole  blood.  We  shall  give 
our  figures  always  in  terms  of  elemental  Ca;  where  the  figures  in 
the  original  articles  were  given  as  CaO,  we  shall  calculate  them 
back  to  Ca  for  the  purpose  of  our  discussion. 

Halverson,  Mohler,  and  Bergeim**  have  studied  the  calcium  content  of 
the  serum  in  normal  human  beings  and  in  patients  suffering  from  various 
diseases.     They  worked  also  to  some  extent  on  plasma  and  found  that 


*•  Halverson,  J.  O.,  Mohler,  H.  K.,  and  Bergeim,  O.,  J,  Am,  Med.  Assn.f 
1917,  Ixviii,  1309;  /.  BioL  Chem,,  1917,  xxxii,  171. 
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there  was  no  appreciable  difference  in  the  calcium  content  of  plasma  and 
serum.  In  normal  human  beings  they  found  that  the  calcium  ranged 
between  9  and  11  mg.  per  100  cc.  of  plasma;  and,  in  their  whole  series  of 
tuberculous  patients,  it  ranged  only  from  8.4  to  11  mg.  Their  experience 
indicates  that  the  calcium  content  of  the  serum  is  little  affected  by  cal- 
cium given  with  the  food.  It  was  not  in  any  case  increased  above  normal 
figures  by  a  high  calcium  diet. 

Somewhat  contradictory  of  this  last  result  are  some  experiments  on 
calcium  feeding  reported  by  Boggs,*^  who  fed  calcium  lactate  to  dogs,  and 
found  as  a  result  that  the  calcium  of  the  blood  increased  from  6.3  mg.  per 
100  cc.  to  8.6  mg.,  an  increase  of  36  per  cent.  It  is  very  unlikely  that 
feeding  calcium  lactate  would  produce  any  marked  change  in  the  volume 
of  the  corpuscles,  and  these  results,  therefore,  seem  clearly  to  indicate 
a  change  in  the  concentration  of  plasma  calcium  as  the  result  of  calcium 
feeding.  Boggs  determined  the  calcium  in  the  blood  and  plasma  of  dogs 
kept  for  some  time  on  a  diet  of  bread  and  meat,  and  found  that  under 
these  conditions  it  varied  little.  His  figure  for  the  normal  calciufh  con- 
tent of  the  plasma  is  10  mg.  per  100  cc. 

Lamers^'  has  made  a  more  or  less  extended  study  of  the  concentration  of 
calcium  in  the  plasma  of  pregnant  women  and  of  women  in  labor  as  com- 
pared with  that  of  non-pregnant  women  of  child  bearing  ago.  Fourteen 
non-pregnant  women  had  an  average  concentration  of  10.8  rag.  of  calcium 
per  100  gm.  of  plasma;  the  figures  ranged  from  0.0  to  12.1  mg.  For  thir- 
teen pregnant  women  the  average  was  11.6  mg. ;  the  lowest  figure  was  10.6 
mg.,  and  the  highest  12.8  mg.  For  eight  women  in  labor  the  average  was 
12.8,  the  lowest  figure  11.5  mg.,  and  the  highest  14.1  mg. 

Determinations  of  the  calcium  content  of  horse  serum  have  recently 
been  made  by  Rona  and  Takahafhi."  They  find  that  under  ordinary  cir- 
cumstances horse  serum  contains  about  12  mg.  of  calcium  per  100  gro. 

We  have  determined  the  calcium  content  of  plasma  in  preg- 
nant and  lactating  mature  cows  and  in  heifers  of  various  ages 
from  birth  onward.  We  have  also  carried  out  experiments  to  de- 
termine the  effects  of  feeding  a  soluble  calcium  salt  (calcium 
chloride)  on  the  calcium  concentration  of  the  plasma.  Our  re- 
sults for  mature  cows  are  given  in  Table  II.  They  indicate  that 
in  cows  the  calcium  content  of  the  plasma  is  quite  constant  and 
not  affected  by  either  pregnancy  or  lactation. 

The  results  of  calcium  determinations  in  the  plasma  of  heifers 
at  various  ages  are  given  under  Experiments  11,  12,  13,  14,  and 
15.  For  the  most  part  these  results  lend  further  support  to  the 
view  that  the  plasma  calcium  of  cattle  is  quite  constant,  and  thoy 

"  Boggs,  T.  R.,  Bull.  Johns  Hopkins  Hosp.,  1908,  xix,  201. 
*7  Lamers,  A.  J.  M.,  Z.  Geburtsh.  u.  Gyndk.,  1912,  Ixxi.  393. 
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make  it  appear  that  in  cattle  there  is  no  rise  in  the  concentration  of 
this  element  as  the  result  of  pregnancy.  The  figures  for  the  far- 
row heifers  average  higher  than  those  for  the  pregnant  cows.  We 
do  not  wish  to  imply,  however,  that  we  think  Lamers*  results 
are  purely  a  matter  of  chance  or  caused  by  experimental  error. 
There  are  at  least  two  important  dififerences  between  his  experi- 
ments and  ours.  One  of  these  is  that  the  subjects  of  his  experi- 
ments were  probably  on  an  imrestricted  diet,  while  the  rations  of 
cows  are  always  restricted;  the  other,  that  his  pregnant  and  non- 
pregnant women  were  probably  much  more  nearly  of  the  same 
average  age  than  were  our  heifers  and  pregnant  mature  cows. 

TABLE  II. 

Calcium  in  Plasma  0}  Pregnant  and  Lactating  Cows. '  Mg.  per  100  Gm.  of 

Plasma, 


Pregnant,  not  lactating. 

Pregnant  and  lactating. 

Lactating,  not  pregnant. 

No.  of 
cow. 

Plasma 
calcium. 

Daya 
preg- 
nant. 

No.  of 
cow. 

Plaama 

cal- 
cium. 

Days 
preg- 
nant. 

Days 
lactat- 
ing. 

No.  of 
cow. 

Plasma 
calcium. 

Days 

lactat 

ing. 

9 
19 
27 
48 

mg. 

9.6 
10.2 
8.9* 
9.7 

270 
236 
234 
251 

21 
35 
54 

mg. 

9.1 
9.9 
9.7 

36 

45 

176 

152 

91 

254 

9 

19 

106 

107 

mg. 
8.9 

10.2 

9.8 

10.2 

26 

21 

220 

40 

Averag 

e.9.6 

9.6 

9.8 

*  This  figure  represents  the  average  of  the  followiDg  four  determinations. 
Check  1,  9.5;  check  2,  8.9;  check  3,  8.7;  check  4,  8.7.  All  othe»  figures  for 
calcium  in  this  table  are  based  on  duplicates  which  checked  within  5  per 
cent. 

Our  experiments  indicate  that  the  plasma  calcium  tends  to  be- 
come lower  with  advancing  age,  at  least  up  to  6  months.  In 
three  of  them  (Experiments  11,  12,  and  13)  we  secured  blood 
samples  when  the  heifers  were  only  1  or  2  days  old,  and  in  two  of 
these  cases,  the  plasma  calcium  was  decidedly  higher  than  in  any 
of  the  other  samples  that  we  have  examined — 13.4  and  13.7  mg. 
per  100  gm.  of  plasma  respectively.  The  heifers  which  gave  these 
high  figures  were  afterward  fed  calcium  chloride  and  sodium 
phosphate  respectively;  but,  at  the  time  the  samples  were  taken, 
they  had  had  nothing  to  eat  except  the  small  amount  of  colostrum 
which  a  new  bom  heifer  is  likely  to  take  from  her  dam. 
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Heifer  81,  Experiment  12,  was  fed  calcium  chloride  in  addition 
to*  the  usual  rations  throughout  the  period  of  the  experiment  (see 
protocols).  Her  plasma  calcium  was  a  little  higher  on  the  aver- 
age than  that  of  the  other  three  heifers,  but  the  difference  is  not 
great. 

Under  Experiment  7.  are  given  the  results  of  a  short  time  cal- 
ciimi  feeding  experiment,  more  or  less  comparable  to  those  of 
Boggs  mentioned  above.  There  was  a  very  slight  increase  in  the 
plasma  calciimi  after  the  calcium  feeding  but  the  difference  was 
within  the  limits  of  experimental  error  for  our  single  determi- 
nations. 

The  results  so  far  given  would  make  it  appear  that  in  adult 
human  beings  and  in  cattle  above  the  age  of  2  months  the  plasma 
calcium  is  httle  if  at  all  altered  by  pregnancy  or  lactation  or  by 
feeding  rations  rich  in  calciimi.  We  are  inclined  to  agree  with  the 
suggestion  given  by  Halverson,  Mohler,  and  Bergcim  that,  under 
ordinary  conditions,  the  plasma  calcium  is  kept  nearly  constant 
by  means  of  the  enormous  calcium  reserve  stored  in  the  bones. 

But  the  high  figures  which  we  obtained  in  the  case  of  the  new 
bom  heifers  call  for  an  explanation;  and  we  think  that  the  key 
to  the  situation  is  given  in  an  interesting  article  by  Allers  and 
Bondi,^'  who  found  that  they  coilld  double  the  concentration  of 
calcium  in  the  blood  of  rabbits  by  feeding  moderate  doses  of 
hydrochloric  acid. 

In  a  series  of  recent  articles  by  Van  Slyke  and  his  associates*® 
it  has  been  shown  that  the  best  criterion  for  acidosis  is  the  con- 
centration  of  bicarbonate  in  the  blood  plasma.  In  acidotic  con- 
ditions, the  bicarbonate  concentration  of  the  plasma  is  uniformly 
depressed.  Feeding  acid,  therefore,  would  tend  to  depress  the 
bicarbonate  concentration  in  the  plasma,  and  that  an  inverse  re- 
lation between  the  calcium  and  bicarbonate  contents  of  the 
plasma  is  highly  probable  is  shown  by  the  work  of  Rona  and 
Takahashi.^    These  authors  studied  various  mixtures  of  calcium 

*•  Allers,  R.  A.,  and  Bondi,  S.,  Biochem.  Z.,  1907,  vi,  3G6. 

»o  Van  Slyke,  D.  D.,  and  Cullen.  G.  E.,  J.  Biol.  Chem.,  1917,  xxx,  289. 
Van  Slyke,  D.  D.,  ibid.,  347.  Cullen,  G.  E.,  ibid.,  369.  Fitz,  R.,  and 
Van  Slyke,  D.  D.,  ibid.,  389.  Van  Slyke,  D.  D.,  Stillman,  E.,  and  Cullen, 
G.  E.,  ibid.,  401.  Stillman,  E.,  Van  Slyke,  D.  D.,  Cullen,  G.  E.,  and 
Fitz,  R.,  ibid.,  405. 
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and  bicarbonate  by  physicochemical  methods  and  found  that  the 
relation  between  the  hydrogen  ion  concentration  and  the  cal- 
ciiim  and  bicarbonate  contents  of  such  mixtures  was  expressed 

by   the   equation,   ^ -^jr — -   =   a  constant.    The   equation 

(M  ) 

means,  of  course,  that  if  the  hydrogen  ion  concentration  remains 

constant  the  amount  of  calcium  held  in  solution  will  vary  inversely 

with  the  bicarbonate. 

The  physiological  results  which  are  at  present  at  hand  accord 
very  satisfactorily  with  the  view  that  the  calciimi  and  bicar- 
bonate concentrations  of  plasma  tend  to  vary  inversely.  The 
most  striking,  of  course,  are  those  of  Allers  and  Bondi  referred 
to  above.  It  may  well  be  that  the  bicarbonate  concentration  of 
the  blood  in  their  experiments  was  reduced  to  half  by  the  acid 
feeding. 

Lamers*  results  showing  an  increased  plasma  calcium  in  preg- 
nancy are  to  be  placed  side  by  side  with  the  work  of  Hasselbalch 
and  Gammeltoft,'*  who  showed  that  in  pregnancy  in  human 
beings  there  is  a  definite  tendency  for  the  hydrogen  ion  concen- 
tration of  the  blood  at  a  fixed  CO2  tension  to  be  increased.  And 
his  results  on  the  high  blood  calcium  of  women  in  labor  are  to  be 
considered  in  connection  with  the  well  known  tendency  of  severe 
muscular  effort  to  cause  lactic  acid  to  be  thrown  into  the  blood. 
Finally  our  own  results,  indicating  a  high  calcium  content  in  the 
plasma  of  very  young  animals,  are  to  be  taken  in  connection  with 
Marriott's  conclusion  that  the  blood  of  infants  has  a  higher 
"fixed  acidity"  than  that  of  adults^  and  that  in  infants  the  al- 
veolar CO2  tension  is  low."  We  hope  at  a  later  date  to  compare 
the  Ca  and  HCO3  content  of  the  same  samples  of  plasma  taken 
imder  various  conditions. 

Phosphorus  of  Blood. 

The  phosphorus  of  the  blood,  unlike  the  calcium,  is  contained  in 
greater  concentration  in  the  corpuscles  than  in  the  plasma.     If 

"  Hasselbalch,  K.  A.,  and  Gammeltoft,  S.  A.,  Biochem.  Z.,  1915,  Ixviii, 
206. 

«  Marriott,  W.  McK.,  Arch.  Int.  Med.,  1916,  xvii,  847. 
"Marriott,  J.  Am.  Med.  Assn.,  1916,  Ixvi,  1596. 
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one  looks  in  Abderhalden's  tables^  for  the  phosphorus  content  of 
the  blood  in  various  domesticated  mammals,  one  finds  that  the 
corpuscle  content  varies  widely  in  different  animals.  But  one 
gets  the  impression  from  Abderhalden's  figures  that  the  phos- 
phorus content  of  the  serum  is  rather  constant. 

Greenwald,"  however,  has  recently  reported  a  series  of  twelve 
determinations  of  total,  lipoid,  and  ''acid-soluble"  phosphorus  in 
the  blood  serum  of  several  normal  human  beings.  It  appears 
from  his  figures  that  the  phosphorus  of  the  serum  is  quite  vari- 
able. The  total  varies  from  9.54  to  19.65  mg.  per  100  cc.  of  serum ; 
the  lipoid  phosphorus,  from  6.64  to  12.95  mg.,  and  the  ''acid- 
soluble,''  from  1.97  to  6.80  mg.  Very  large  variations  occur  in  the 
"acid-soluble"  phosphorus  of  the  serum  of  the  same  individual 
collected  at  different  times. 

It  was  clear  from  the  beginning  of  our  work  on  the  phosphorus 
content  of  the  blood  in  cattle  that  both  the  corpuscle  and  the 
plasma  phosphorus  were  highly  variable,  not  only  from  individual 
to  individual,  but  also  in  the  same  individual  examined  at  differ- 
ent times.  We  have  endeavored  to  determine  some  of  the  factors 
on  which  this  variability  depends. 

The  subject,  as  will  be  seen,  is  rather  complicated.  We  have 
to  consider  separately  the  phosphorus  of  the  plasma  and  that  of 
the  corpuscles,  and  each  of  these  fractions  of  the  blood  contains 
two  or  three  well  marked  classes  of  phosphorus  compounds.  In 
our  work  we  have  laid  the  chief  emphasis  on  the  plasma  phos- 
phorus, but  in  each  sample  of  blood,  we  have  determined  the 
volimie  of  the  corpuscles  and  the  total  phosphorus  for  the  whole 
blood  as  a  matter  of  routine;  from  these  figures,  in  connection 
with  the  figure  for  the  total  phosphorus  of  the  plasma,  the  total 
phosphorus  contained  in  the  corpuscles  may  be  calculated.  In 
some  samples  of  blood  we  have  determined  the  lipoid  phos- 
phorus of  the  whole  blood  as  well  as  that  of  the  plasma,  and, 
from  our  figures  for  these  samples,  the  lipoid  phosphorus  of  the 
corpuscles  can  be  calculated.  In  much  of  our  later  work,  the 
lipoid  and  inorganic  phosphorus  have  been  directly  determined 
in  each  sample  of  plasma. 


**  Abderhalden,  Z,  physiol.  Chem.f  1898,  xxv,  65. 
••  Green wald,  J,  Biol,  Chem.,  1915,  xxi,  29. 
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We  have  studied  particularly  the  changes  which  are  produced 
in  the  phosphorus  of  the  blood  by  increasing  age,  by  changes  in 
ration,  and  by  pregnancy  and  kctation.  It  will  be  well  to  begin 
this  part  of  our  report  by  stating  that  all  these  changes  produce 
effects,  and  that  the  problem  is,  therefore,  one  in  which  the  in- 
fluences of  a  number  of  factors,  which  may  either  reinforce  or 
neutralize  each  other,  must  be  disentanglec' 

Effects  of  Increasing  Age  on  Blood  Phosphoms. 

Some  idea  of  the  changes  which  occur  in  the  total  phosphorus 
content  of  the  corpuscles  and  in  the  Upoid  and  inorganic  phos- 
phorus content  of  the  plasma  as  the  accompaniment  of  increasing 
age  may  be  gained  by  studying  the  ^gures  given  in  Experiments 
11  to  15. 

For  the  first  few  days  after  birth  the  corpuscle  phosphorus  is 
very  high — about  twice  as  high  as  in  older  animals.  This  condi- 
tion disappears  rapidly;  it  is  much  diminished  at  the  end  of  2 
months  and  hardly  noticeable  at  the  end  of  4.  The  lipoid  phos- 
phorus in  the  plasma  of  new  bom  calves  is  very  low,  and  in- 
creases gradually  up  to  the  age  of  about  a  year.  The  inorganic 
phosphorus  of  the  plasma  is  fairly  high  in  the  new  bom  calves, 
but  tends  to  increase  for  some  time  and  reaches  a  maximum  at 
about  the  age  of  6  months.  It  is  likely  to  fall  off  again  at  some 
time  between  this  age  and  that  of  18  months. 

Effects  of  Change  in  Rations  on  Blood  PhosphoriLS. 

We  have  two  experiments,  Nos.  9  and  10,  in  which  the  effects 
of  a  change  in  rations  on  the  phosphorus  content  of  the  blood  are 
quite  clearly  shown.  The  subjects  were  two  cows  which  were 
near  the  height  of  lactation.  Blood  samples  were  obtained  after 
they  had  been  on  the  comparatively  high  grain  and  hay  rations 
ordinarily  fed  to  the  milking  cows  at  Beltsville,  Md.,  and  again  at 
10  day  intervals  while  the  grain  and  hay  rations  were  very  much 
cut  down — cut  down,  that  is,  to  the  amount  usually  fed  to  the 
dry  cows.*^    In  these  experiments  we  followed  the  total  phos- 

'*  Most  of  the  phosphorus  in  the  rations  fed  to  these  cows  was  con- 
tained in  the  grain. 
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phorus  in  both  blood  and  plasma,  the  volume  per  cent  of  the  blood 
corpuscles,  the  lipoid  and  inorganic  phosphorus  and  the  nitrogen 
in  the  plasma,  and  we  calculated  the  total  phosphorus  in  the  cor- 
puscles.    In  addition  we  followed  the  milk  yields. 

As  was  to  have  been  expected,  the  low  feeding  produced  no  con- 
sistent changes  in  the  nitrogen  content  ^f  the  plasma.  But  the 
results  in  the  cases  of  the  other  constituents  studied  are  quite 
marked  and  consistent,  and  they  seem  to  uS  significant. 

In  the  case  of  Cow  39,  Experiment  10,  the  rations  were  cut  down 
to  a  lower  point  than  in  the  other  experiment  and  the  results  are 
more  marked  and  consistent.  We  shall,  therefore,  consider  her 
case  first,  and  later  discuss  that  of  Cow  33  in  connection  with  it. 

In  Cow  39  the  total  phosphorus  in  both  blood  and  plasma,  the 
lipoid  and  inorganic  phosphorus  in  the  plasma,  the  total  phos- 
phorus in  the  corpuscles,  and  the  volume  per  cent  of  the  corpuscles 
fell  oflf  during  the  period  of  low  feeding  and  recovered  when  the 
cow  was  put  back  on  higher  rations.  The  milk  yield  also  fell  off 
quite  markedly  during  the  period  of  low  feeding,  and  recovered 
subsequently,  though  not  to  the  level  which  it  had  before  the  low 
feeding  was  begun.  Fig.  1  gives  a  graphic  representation  of  the 
changes  in  lipoid  and  inorganic  phosphorus  in  the  plasma  wliich 
occurred  in  this  experiment. 

The  changes  in  the  lipoid  phosphorus  in  the  plasma  are  decid- 
edly less  marked  than  those  in  the  inorganic;  they  do  not  occur 
until  later,  and  the  recovery  begins  before  the  period  of  low  feed- 
ing is  finished.  During  the  subsequent  period  of  high  feeding, 
the  lipoid  phosphorus  shoots  up  above  the  concentration  which 
it  had  at  the  beginning  of  the  experiment. 

The  results  in  the  case  of  Cow  33  are  more  or  less  the  same  as 
those  that  have  just  been  discussed,  except  that  they  are  smaller 
and  more  irregular,  and  that  there  appears  to  be  a  marked  dis- 
crepancy between  the  two  experiments  in  regard  to  the  changes 
which  took  place  in  the  concentrations  of  lipoid  and  inorganic 
phosphorus  in  the  plasma  during  the  first  10  days  of  the  low  feed- 
ing. The  figures  would  make  it  appear  that  the  lipoid  phosphorus 
decreased  markedly  in  the  case  of  Cow  33  during  this  period, 
while  the  inorganic  phosphorus  increased. 

The  figure  for  inorganic  phosphorus  for  the  plasma  of  this  cow 
obtained  September  27, 1916,  (at  the  end  of  the  preliminary  period 


Meigs,  Blatherwick,  and  Gary 


43 


of  high  feeding)  is  calculated  by  subtracting  the  lipoid  from  the 
total  phosphorus  of  the  same  sample,  and  we  are  inclined  to  ques- 
tion the  figure  given  for  lipoid  phosphorus.  It  is  true  that  this 
figure  is  based  upon  two  concordant  determinations  by  the 
nephelometric  method,  but  they  were  among  the  first  that  we  made 
by  this  method;  and,  in  the  light  of  our  later  experience,  we 
should  not  be  surprised  if,  using  the  procedure  that  we  then  used, 
we  got  two  concordant  results,  both  of  which  were  10  or  20  per 
cent  off.  If  the  figures  are  correct,  they  indicate  an  unusual 
temporary  variation  In  the  lipoid  and  inorganic  phosphorus  of  the 


_^:!^^^ ^H ^_ 


Days    3    10   15  20  25  30  35  40  43  50  55  60  65  70 

Fig.  1.  Changes  in  tfae  lipoid  and  inorganic  phosphorus  content  of 
the  plasma  which  arc  brought  about  by  a  reduction  in  the  grain  and  hay 
rations  of  a  milking  cow.  The  solid  line  repregents  the  lipoid  phosphorus; 
the  broken  line,  the  inorganic  phosphorus.  The  rations  were  reduced 
immediately  after  the  first  determinations  of  plasma  phosphorus  had  been 
made,  and  were  restored  to  the  original  level  at  the  point  marked  by  the 
arrow.    See  Experiment  10,  Cow  39. 


plasma.  It  is  contrary  to  all  our  experience  that  feeding  a  re- 
duced ration  should  be  accompanied  by  an  increase  in  the  in- 
oi^anic  phosphate  of  the  plasma. 

In  view  of  our  present  very  scanty  knowledge  of  the  physico- 
chemical  nature  of  secretion  and  of  the  causal  connections  be- 
tween rates  of  secretions  and  concentrations  of  the  precursors  of 
gland  products  in  the  blood,  a  detailed  discussion  of  the  results  of 
the«e  experiments  would  be  unprofitable.  But  the  results  seem 
to  us  to  suggest  certain  views.  We  shall  consider,  chiefly  in  this 
discussion,  the  case  of  Cow  39,  on  account  of  the  unfortunate 
doubt  concerning  the  preliminary  figures  for  Cow  33. 
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The  results  suggest,  in  the  first  place,  that  the  amount  of  milk 
secreted  is  independent  of  the  concentration  of  lipoid  phosphorus 
in  the  plasma,  at  least  within  the  limits  of  concentration  encoun- 
tered in  this  experiment.  In  the  early  part  of  the  experiment 
the  milk  jdeld  drops  oflf  sharply;  and  the  plasma  phosphatide, 
hardly  at  all;  while,  during  the  final  high  feeding  period,  the 
phosphatide  shoots  above  the  concentration  that  it  had  at  the 
beginning  and  the  milk  yield  only  partially  recovers  toward  its 
original  level.  We  do  not  think  this  at  all  inconsistent  with  the 
view  that  phosphatide  is  the  precursor  of  milk  fat  and  milk 
phosphorus.  These  are  only  two  of  many  milk  constituents,  and 
it  is  probable  that  the  total  amount  of  milk  secreted  depends  on 
quite  other  factors.  During  the  period  of  low  feeding,  there  is  a 
more  or  less  clearly  marked  inverse  relation  between  the  concen- 
tration of  phosphatide  in  the  plasma  and  the  daily  milk  yield. 
We  are  inclined  to  explain  this  by  supposing  that  the  phosphatide 
was  poured  into  the  plasma  at  a  nearly  constant  rate  during  this 
period,  and  that  its  concentration  in  the  plasma  therefore  varied 
inversely  with  the  rate  at  which  it  was  excreted  in  the  milk. 
The  same  sort  of  argument  applies  to  the  rise  in  plasma  phospha- 
tide above  its  original  level  during  the  subsequent  period  of  high 
feeding.  Here  the  high  feeding  caused  the  phosphatide  to  be 
poured  into  the  plasma  at  approximately  the  same  rate  as  in  the 
preliminary  period  of  high  feeding,  but,  as  the  daily  milk  yield 
was  decidedly  less,  the  concentration  rose  even  above  its  original 
level.  This  part  of  the  discussion  applies  with  equal  force  to 
both  experiments. 

The  effects  on  the  milk  yield  of  decreasing  and  then  increasing 
the  rations  are  clearly  marked  in  both  experiments,  and  we  can- 
not help  being  impressed  with  the  parallelism  exhibited  between 
the  daily  milk  yield  and  the  concentration  of  inorganic  phosphate 
in  the  plasma.  The  parallelism  occurs  throughout  the  experi- 
ment on  Cow  39  and  throughout  that  on  No.  33  also,  except  for 
the  doubtful  preliminary  figures  which  have  been  already  dis- 
cussed. We  are  not  ready,  however,  to  draw  the  conclusion 
that  the  concentration  of  inorganic  phosphate  in  the  plasma  has 
an  influence  on  the  milk  yield.  The  reduction  in  milk  yield  and 
in  plasma  phosphate  may  have  been  parallel  effects  of  the  reduc- 
tion in  the  grain  'and  hay  rations,  which  had  nothing  directly  to 
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do  with  one  another.    We  are  at  present  carrying  out  further  ex- 
periments along  this  line. 

The  results  given  in  Experiments  11,  12,  13,  and  14  indicate 
that  feeding  a  soluble  inorganic  phosphate  tends  to  raise  the 
concentration  of  the  plasma  phosphate  in  heifers.  The  subjects 
of  these  experiments  were  four  heifers,  which  were  all  fed  the  same  ' 
basic  rations  from  birth  onward.  One,  however,  Heifer  119, 
was  given  daily  doses  of  disodium  phosphate  in  addition,  and  an- 
other. No.  81,  daily  doses  of  calcium  chloride.  The  other  two 
were  fed  nothing  in  addition  to  the  basic  rations.  The  figures  for 
inorganic  phosphate  in  the  plasma  of  Heifer  119  are  decidedly 
higher  on  the  average  than  those  for  either  of  the  controls  or  for 
the  calcium  heifer.  It  is  not  to  be  expected  that  the  difference 
would  be  very  marked  in  such  experiments  as  these,  for  the  con- 
trol rations  contained  what  is  generally  supposed  to  be  a  quite 
adequate  amount  of  phosphorus. 

It  is  an  interesting  fact  that  the  plasma  of  the  heifer  fed  cal- 
cium contained  less  inorganic  phosphate  on  the  average  than 
that  of  any  of  the  others.  That  feeding  calcium  chloride  tends  to 
reduce  the  inorganic  phosphate  in  the  plasma  is  shown  again  in 
the  results  of  Experiment  7.  It  is  very  well  known  that  the  feed- 
ing of  soluble  calcium  salts  tends  to  reduce  the  amount  of  phos- 
phorus excreted  in  the  urine  and  to  increase  that  excreted  in 
the  feces.  It  seems  to  us  the  most  natural  explanation  for  these 
results,  as  well  as  for  ours  on  the  blood,  that  calcium  interferes 
with  the  absorption  of  phosphates  by  precipitating  them  as  insol- 
uble calcium  phosphate  within  the  gut. 

Effects  of  Pregnancy  on  Blood  Phosphoms. 

We  have  as  yet  no  data  for  the  changes  in  the  phosphorus  con- 
tent of  the  blood  which  occur  in  the  beginning  of  pregnancy 
uncomplicated  by  lactation.  But  we  have  figures  which  indicate 
that  toward  the  end  of  pregnancy  the  phosphorus  content  of  the 
blood  and  plasma  is  likely  to  be  reduced.  In  the  case  of  Cows  19 
and  39,  Experiments  8  and  10,  we  secured  blood  samples  which 
show  this  tendency.  Both  these  cows  were  on  a  constant  ration. 
The  blood  samples  under  discussion  were  secured  January  30, 
and  March  9,  1917,  in  the  case  of  Cow  19,  and  May  28  and  July 
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24,  1917,  in  the  case  of  Cow  39.  All  four  samples  were  obtained 
after  lactation  had  ceased.  In  both  cases  the  total  and  inorganic 
phosphorus  of  the  plasma  falls  off  as  pregnancy  proceeds  (Ex- 
periments 8  and  10). 

In  four  other  cases  we  noted  a  drop  in  the  phosphorus  content 
of  the  blood  or  plasma  toward  the  end  of  pregnancy,  although 
the  phosphorus-contaiping  portions  of  the  rations  were  increased 
after  the  first  blood  samples  had  been  taken.  One  of  these  cases 
is  given  under  Experiment  15;  the  blood  samples  in  question  are 
those  obtained  March  20  and  May  2,  1918.  Three  other  cases 
occurred  in  experiments  which  we  have  not  thought  it  worth 
while  to  report  in  detail.  The  phosphorus  in  the  blood  and 
plasma  fell  off  toward  the  end  of  pregnancy  in  spite  of  increases 
in  the  phosphorus-containing  portions  of  the  rations.  . 

We  have  no  contrary  results,  and  we  are  inclined  to  regard  it 
as  established  that  there  is  a  tendency  for  the  phosphorus  con- 
tent of  the  blood  and  plasma  to  fall  oflf  toward  the  end  of  preg- 
nancy— a  tendency  which  is  largely  independent  of  the  rations, 
and  which  shows  itself  most  constantly  in  the  inorganic  phos- 
phate of  the  plasma.  The  point  may  be  of  considerable  practi- 
cal importance.  It  would  be  unprofitable  to  discuss  it  at  any 
length  in  the  present  scanty  state  of  our  knowledge,  but  it  seems 
worth  while  to  recall  the  fact  that,  toward  the  end  of  pregnancy, 
phosphorus  is  rapidly  deposited  in  the  bones  of  the  growing  em- 
bryo.^^  Whether  this  alone  accounts  for  the  reduction  of  phos- 
phorus in  the  blood,  or  whether  it  is  reinforced  by  a  decreased 
ability  to  absorb  phosphorus  or  by  an  increased  tendency  to 
excrete  it  in  the  urine  and  feces,  the  hint  that  cows  may  often 
require  more  of  this  element  than  they  get  under  ordinary  methods 
of  feeding  toward  the  end  of  pregnancy  would  seem  to  be  equally 
plain. 

Effects  of  Lactation  on  Blood  Phosphorus, 

In  order  to  determine  the  changes  in  the  phosphorus  content 
of  the  blood  which  accompany  the  transition  from  pregnancy  to 
lactation,  we  carried  out  three  experiments  in  which  cows  were 

*'  Forbes  and  Keith,  A  review  of  the  literature  of  phosphorus  com- 
pounds in  animal  metabolism,  Ohio  Agric.  Exp.  Sta.,  Technical  Bull.  5, 1914, 
110. 
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kept  on  constant  or  nearly  constant  rations  through  the  latter 
part  of  one  lactation  period,  the  succeeding  dry  period,  and  the 
early  part  of  the  next  lactation  period;  and  in  which  the  totid 
phosphorus  in  the  blood,  and  the  lipoid  and  inorganic  phosphorus 
in  the  plasma  were  followed.  The  results  are  given  under  Ex- 
periments 8,  9,  and  10, 

The  changes  which  occur  in  the  phosphorus  of  the  plasma  are 
quite  striking  in  these  experiments,  and  we  shall  discuss  them 
first.     A  graphic  representation  of  them  is  given  in  Figs.   2,  3, 
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Fro.  2.  Changes  in  the  lipoid  and  inornanic  phosphorua  content  of  the 
plasma  which  occur  as  the  accompaniment  of  prcRnaney  and  lactation 
on  a  nearly  constant  diet.  The  aolid  line  represents  the  lipoid  phoHphorua; 
the  broken  line,  the  inorganic  phosphorus.  At  arroiv  1  the  cow  bccnme 
dry;  at  arrow  2  her  calf  was  born.    See  Experiment  8,  Cow  19. 


and  4,  both  lipoid  and  inorganic  phosphorus  included.  In  all 
tiiree  cases  the  lipoid  phosphorus  falls  off  quite  markedly  at  the 
end  of  the  first  lactation  period,  remains  low  during  the  dry 
period,  and  rises  again  in  the  second  lactation  period.  The  rwe 
in  the  second  lactation  period  does  not  occur  immediately  (Figs, 
3  and  4)  but  is  marked  at  the  end  of  28  days  (Fig.  2).  The  changes 
in  the  inorganic  phosphorus  are  rather  irregular;  in  two  cases 
(Figs.  2  and  3),  it  tends  to  fall  off  in  the  early  period  of  lactation 
when  the  lipoid  phosphoru:^  is  rising.  It  is  to  be  noted  that  the 
absolute  figures  for  lipoid  phosphorus  in  these  three  cows  in  their 
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Fia.  3.  Chsngea  in  the  lipoid  and  inorganic  phoepborue  content  of  the 
plaoma,  which  occur  a«  the  aecompaniment  of  pregnancy  and  lactation 
on  a  nearly  constant  diet.  The  solid  line  represents  the  lipoid  phosphorus ; 
the  broken  line,  the  inorganic  phoephorus.  At  arrow  1  the  cow  becante 
dry;  at  arrow  2  her  calf  was  born.    See  Experiment  9,  Cow  33. 


€ 

1 

— 

— 

K 

1    1 

^ 

/' 

/ 

8 ' 

^*- 

—j 

^- 

b' 

-^"~ 

♦  "^ 

,• 

■^o 

'' 

■^■,. 

,- 

■s. 

»^ 

J 



_ 

DaysZO  40  60  50  10O120140160IS0  200  2Z0  2402602B0d(X)3ZO 

Fia.  4.  Changes  in  the  lipoid  and  inorganic  phosphorus  content  of  th« 
plasma,  which  occur  as  the  accompaniment  of  pregnancy  and  lactation 
on  a  nearly  constant  diet.  ,The  unbroken  line  represents  the  lipoid  phos- 
phorus; the  broken  line,  the  inorganic  phosphorus.  At  arrow  1  the  cow 
became  dry;  at  arrow  2  her  calf  was  born.    See  Experiment  10,  Cow  39. 
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milking  periods  are  considerably  higher  than  any  figures  that  we 
have  ever  obtained  in  non-milking  animals.  They  run,  for  the 
most  part,  between  8  and  9  mg.  per  100  gm.  of  plasma,  and  we 
have  never  encountered  a  lipoid  phosphorus  as  high  as  7  mg. 
per  100  gm.  in  any  non-milking  animal. 

For  the  changes  in  the  volume  of  the  corpuscles,  in  the  total 
phoi^horus  of  the  corpuscles,  and  in  the  nitrogen  of  the  plasma 
which  accompany  the  transition  from  pregnancy  to  lactation, 
the  reader  is  referred  to  the  figures  given  in  the  experiments. 
These  changes  do  not  seem  to  us  suflSciently  regular  to  call  for 
any  discussion. 

We  have  a  few  results  which  bear  on  the  lipoid  phosphorus  of 
the  corpuscles  and  on  the  total  fat  of  the  plasma  as  influenced  by 
lactation.  It  has  not  been  convenient  to  include  these  results  in 
the  protocols  of  the  experiments,  but  we  think  they  are  suflSciently 
interesting  to  warrant  our  giving  a  report  of  them  here. 

In  the  case  of  Cow  19,  the  lipoid  phosphorus  of  the  whole  blood 
was  determined  on  March  9,  1917,  3  days  before  she  had  her  calf, 
and  again  on  April  9  and  June  22,  1917,  after  she  had  been  milk- 
ing 28  and  102  days  respectively.  From  these  figures  the  lipoid 
phoi^horus  of  the  corpuscles  can  be  calculated;  it  was  0.0137 
per  cent  on  March  9,  0.0139  per  cent  on  April  9,  and  0.0152  per 
cent  on  June  22.  The  figures  indicate,  as  far  as  they  go,  that  the 
phosphatide  c6ntent  of  the  corpuscles  tends  to  rise  in  lactation, 
somewhat  as  does  that  of  the  plasma,  though  to  a  less  extent. 

Total  fat  was  determined  in  the  plasma  of  Cow  19  on  January 
30,  1917,  41  days  before  she  calved,  and  again  on  May  9,  after 
she  had  been  milking  for  58  days.  The  determinations  were 
made  by  the  nephelometric  method  referred  to  in  the  description 
of  our  methods.  It  was  found  that  on  January  30  the  total 
plasma  fat  was  543  mg.  per  100  gm. ;  on  May  9,  783  mg.  per  100 
gm.  On  these  dates  the  lipoid  phosphorus  content  of  her  plasma 
was  6.4  mg.  and  8.7  mg.  per  100  gm.  respectively.  The  ratio 
543:  6.4  is  about  85;  that  between  783  and  8.7  is  90;  in  other 
words,  the  ratio  between  the  fat  and  phosphatide  contents  of  the 
plasma  tends  to  remain  relatively  constant  through  quite  wide 
variations  in  the  concentrations  of  the  two  materials.  We  have 
other  results  which  show  the  same  thing,  but  we  do  not  think  it 
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necessary  to  give  them  in  detail.  Bloor**  and  others  have  pre- 
viously reached  the  conclusion  that  the  ratio  between  total  fatty 
acids  and  "lecithin"  in  the  corpuscles  and  in  the  whole  blood 
tends  to  remain  constant. 

Our  results  on  the  changes  in  plasma  phosphorus  and  fat,  which 
accompany  the  transition  from  pregnancy  to  lactation,  may  be 
summed  up  by  saying  that  in  the  1st  month  of  lactation  there  is 
a  marked  tendency  for  the  fat  and  phosphatide  to  rise,  that  this 
rise  occurs  even  in  the  face  of  a  reduced  ration,  and  that  it  is 
likely  to  be  accompanied  by  a  fall  in  the  concentration  of  inor- 
ganic phosphate  in  the  plasma.  There  can  be  no  doubt  that  fat 
and  phosphorus  are  taken  out  of  the  blood  more  rapidly  by  the 
active  mammary  gland  than  by  the  unborn  calf  at  any  stage  of 
its  embryonic  existence;  and  the  results  given  therefore  indicate 
that  some  physiological  change  occurs  near  the  beginning  of  lac- 
tation which  causes  fat  and  phosphatide  to  be  thrown  into  the 
blood  more  rapidly  than  they  are  under  ordinary  circumstances 
and  that  this  condition  persists  until  lactation  ceases.  We  are 
inclined  to  connect  the  changes  which  have  been  demonstrated 
with  the  well  known  tendency  of  good  dairy  cows  to  get  thin 
during  their  lactation  period  and  to  suppose  that  the  primary 
change  is  a  mobilization  of  the  body  fat. 

General  Considerations  in  Regard  to  Phosphorus  and  Fat 

Metabolism. 

From  the  literature,  from  the  results  which  have  been  reported, 
and  from  others  that  are  not  yet  ready  to  report  in  detail,  we  have 
formed  some  hypotheses  in  regard  to  phosphorus  and  fat  me- 
tabolism. We'  think  it  worth  while  to  give  an  outline  of  them, 
though  they  cannot  yet  be  regarded  as  definitely  established. 

The  recent  work  of  Bloor^®  on  fat  metabolism  is  so  well  known 
that  no  extended  discussion  of  it  need  be  given  here.  His  re- 
sults indicate  that  fat  received  by  the  body  from  the  alimentary 
tract  is  very  soon  largely  or  completely  converted  into  phospha- 

»«Bloor,  J.  Biol.  Chem.,  1916,  xxiv,  456;  1916,  xxv,  582. 

»»Bloor,  J.  Biol  Chan,,  1914,  xix,  1;  1915,  xxiii,  317;  1916,  xxiv,  447; 
1916,  xxv,  577.  Bloor,  W.  K.,  and  MacPherson,  D.  J.,  ibid.,  1917,  xxxi, 
79. 
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tide  by  the  red  blood  corpuscles.  This  result  implies  that  at  least 
some  of  the  organs  and  tissues  of  the  body  can  receive  their  sup- 
ply of  fat  and  phosphorus  from  the  blood  only  in  the  fonn  of 
phosphatide.  We  think  that  the  evidence  already  given  in  this 
article  shows  that  this  is  the  case  for  the  mammary  gland  and 
for  muscles. 

There  is  satisfactory  evidence  independent  of  Bloor's  to  show 
that  the  body  can  synthesize  phosphatide  from  triglycerides  arid 
inorganic  phosphate.*®  To  us  it  seems  probable  that  the  body 
not  only  can,  but  always  does  supply  itself  with  phosphatide  in 
this  manner.  Our  results  taken  altogether  give  us  a  strong  im- 
pression that  it  is  the  inorganic  phosphate  of  the  plasma  which  is 
chiefly  influenced  by  changes  in  ration,  and  the  same  conclusion 
has  been  reached  by  Greenwald.^*  Such  studies  as  have  been 
made  on  the  blood,  therefore,  indicate  that  it  is  only  as  inorganic 
phosphate  that  phosphorus  from  the  digestive  tract  reaches  the 
general  circulation.  But  other  considerations  make  it  seem  im- 
probable that  phosphatide  introduced  per  os  would  escape  being 
broken  down  into  its  components  by  the  intestinal  ferments,  or 
that  so  complicated  an  organic  compound  would  be  received  un- 
changed into  the  blood. 

The  facts  given  on  pages  10  to  17  indicate  that  phosphorized 
proteins  are  not  carried  from  one  part  of  the  body  to  another  at 
all  by  the  plasma,  and  they  point  to  the  conclusion  that  these 
compounds  are  always  manufactured  within  the  cells  in  which  they 
are  found. 

We  are  inclined  to  think,  then,  that  phosphorus  from  the  diges- 
tive tract  reaches  the  general  circulation  only  in  the  form  of  in- 
organic phosphate,  that  all  organic  phosphorus  compounds  are 
synthesized  within  the  body  cells,  and  that  phosphorized  pro- 
teins are  not  transported  at  all  by  the  plasma  from  one  fixed  cell 
in  the  body  to  another. 

We  think  also  that  many  of  the  tissues  and  organs  of  the  body, 
of  which  the  mammary  gland  and  the  muscles  are  conspicuous 
examples,  can  receive  their  fat  and  phosphorus  from  the  blood  only 
in  the  form  of  phosphatide. 

•*  McCollum,  E.  v.,  Halpin,  J.  G.,  and  Dreschcr,  A.  H.,  J.  Biol.  Chein., 
1912-13,  xiii.  219.     Fingerling,  G.,  Biochem.  Z.,  1912,  xxxviii,  448. 
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SUMMARY. 

1.  Normal  blood  plasma  contains  no  phosphorizcd  proteins, 
and  probably  no  phosphorus  compounds  at  all  except  phosphatides 
and  inorganic  phosphates.  The  phosphorus  of  these  two  classes 
of  compounds  certainly  comprises  more  than  97  per  cent  of  all 
that  exists  in  normal  plasma. 

2.  The  precursor  in  plasma  of  milk  fat  and  milk  phosphorus  is 
phosphatide — either  lecithin  or  some  related  body. 

3.  The  concentration  of  calcium  in  the  plasma  of  cows  is  quite 
constant.  Small  variations  can  be  induced  by  varying  the 
amount  supplied  with  the  rations,  but  the  chief  controlling  factor 
is  probably  the  concentration  of  bicarbonate  in  the  plasma.  It  is 
probable  that  the  concentration  of  calcium  tends  to  vary  inversely 
with  that  of  the  bicarbonate. 

4.  The  concentrations  of  phosphatide  and  of  inorganic  phos- 
phate in  the  plasma  are  highly  variable.  Both  can  be  made  to 
vary  by  changing  the  amount  of  phosphorous  supplied  with  the 
rations,  though  the  variations  induced  in  this  manner  show  them- 
selves most  markedly  in  the  inorganic  phosphate.  Both  undergo 
variations  as  the  accompaniment  of  increasing  age  and  of  the  later 
stages  of  pregnancy.  The  phosphatide  of  the  plasma  shows  a 
marked  tendency  to  rise  during  the  1st.  month  of  lactation  and  to 
remain  high  until  lactation  has  ceased.  This  phenomenon  is 
largely  independent  of  the  diet,  and  is  thought  to  be  connected 
with  the  fact  that  near  the  beginning  of  lactation  there  is  a  tend- 
ency for  the  body  fat  to  be  released  from  its  stores  and  thrown 
out  into  the  blood. 

In  conclusion  we  wish  to  express  our  most  sincere  gratitude  to 
Mr.  T.  E.  Woodward,  Superintendent  of  the  Dairy  Division 
Farm  at  Beltsville,  Md.  Our  work  has  been  carried  out  entirely 
on  this  farm,  and  has  been  made  possible  largely  through  Mr. 
Woodward's  interest  and  cooperation. 

PROTOCOLS. 

In  order  to  save  space  we  have  not  published  the  protocols  of 
our  chemical  analyses  in  the  usual  way.  Our  analytical  methods 
are  described  above,  and  the  quantities  of  material  which  we  took 
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for  each  kind  of  analysis  are  there  indicated  in  a  general  way. 
We  feel  that  this  gives  a  sufficiently  accurate  idea  of  the  amount 
of  material  that  we  had  to  weigh  or  titrate  in  each  case. 

We  made  duplicate  determinations  in  all  except  certain  special 
cases,  in  which  our  results  were  checked  in  some  other  way.  For 
instance,  after  we  found  that  the  lipoid  phosphorus  in  a  sample  of 
plasma  could  be  calculated  within  the  limits  of  error  of  our  de- 
terminations by  subtracting  the  inorganic  from  the  total,  we  fre- 
quently made  only  one  determination  of  the  lipoid  phosphorus 
in  samples  in  which  the  total  and  inorganic  were  determined 
independently. 

We  have  not  published  our  duplicate  figures,  however,  except  in 
certain  special  cases.  The  figures  given  in  our  tables  and  proto- 
cols represent,  unless  otherwise  indicated,  the  average  of  duplicates 
which  agreed  within  5  per  cent.'^  Where  our  duplicates  did  not 
agree  so  closely  as  this,  we  have  given  the  details  in  footnotes 
appended  to  the  tables  and  protocols.  We  have  published  all  our 
duplicate  figures  in  Experiments  1  to  7.  In  these  experiments,  the 
differences  to  be  demonstrated  were  close  to  our  limits  of  error, 
and  we  feel  that  it  is  necessary  to  say  a  word  about  our  special 
mode  of  procedure  for  these  cases. 

It  has  been  our  experience  that  if  two  analyses  are  carried  along 
side  by  side,  starting  with  the  same  quantities  of  the  same  ma- 
terials and  using  measured  and  equal  quantities  of  reagents 
throughout,  the  results  are  likely  to  agree  closely  with  one  an- 
other, even  though  the  method  may  be  faulty,  and  the  two  results 
may  together  diverge  widely  from  what  is  known  to  be  the  cor- 
rect one.  For  this  reason,  in  making  up  our  checks,  we  have 
usually  taken  rather  different  quantities  of  material.  But,  in 
comparing  our  jugular  and  mammary  samples,  we  have  taken 
equal  quantities  of  each  kind  of  blood  or  plasma,  our  method 
being  as  follows:  Equal  samples  of  jugular  and  mammary  plasma 
or  blood  are  weighed  out,  and  the  two  are  carried  along  as  nearly 
as  possible  exactly  parallel.  This  set  of  analyses  is  checked  by 
another  set,  consisting  again  of  a  sample  of  jugular  plasma  and 
one  of  mammary  plasma,  the  two  being  equal  to  each  other,  but 

•^  7.6.,  the  difference  obtained  by  subtracting  one  figure  from  the  other 
was  5  per  cent  or  less  of  the  larger. 
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both  different  in  amount  from  the  first  set.  Throughout  the  ex- 
periments, we  have  endeavored  to  carry  through  each  set  con- 
sisting of  one  jugular  and  one  manmiary  sample  at  the  same  time 
and  as  nearly  as  possible  under  the  same  conditions;  in  the  case  of 
the  check  sets,  no  special  care  was  taken  to  make  them  parallel 
to  their  checks,  and  the  amounts  of  material  were  purposely 
chosen  different.  It  seems  to  us  that  if,  in  such  experiments,  the 
jugular  and  mammary  samples  differ  from  each  other  in  phos- 
phorus content  more  than  they  do  from  their  own  checks,  it  is 
justifiable  to  assume  that  a  difference  in  the  phosphorus  content 
of  the  jugular  and  mammary  samples  has  been  demonstrated. 

Experiment  1.  Comparison  of  Jugular  and  Mammary  Plasma 
Obtained  from  Cow  19. — The  animal  had  calved  normally  on 
March  12,  1917,  and,  at  the  time  of  the  experiment  (May  9), 
was  giving  29  pounds  of  milk  daily  with  a  fat  content  of  about  5 
per  cent.  She  was  milked  for  the  last  time  before  the  experi- 
ment at  6.00  p.m.  on  May  8.  At  8.00  a.m..  May  9,  her  hind  legs 
were  tied  together  to  prevent  kicking,  and  a  trochar  and  cannula 
were  inserted  in  her  jugular  vein.  The  cannula  was  left  stop- 
pered in  the  vein,  and  an  attempt  was  made  to  insert  another 
trochar  and  cannula  in  the  milk  vein.  Before  this  could  be  done, 
however,  the  cow  struggled  and  fell  down  in  the  stall;  it  was  then 
found  that  blood  would  not  run  from  the  jugular  cannula,  and 
this  was  removed. 

A  trochar  and  cannula  were  inserted  in  the  milk  vein,  and  the 
cannula  was  left  stoppered  in  the  vein  while  the  cow  was  milked. 
The  milk  did  not  run  freely,  but  about  6  pounds  were  obtained; 
500  cc.  of  blood  were  then  collected  from  the  cannula  while  the 
cow  was  still  being  milked;  the  blood  ran  very  freely.  Immedi- 
ately after  finishing  the  collection  of  the  mammary  blood,  a  tro- 
char and  cannula  were  inserted  in  the  jugular  vein  and  500  cc, 
of  blood  were  obtained  from  it,  the  milking  being  continued 
through  the  whole  process.  About  a  minute  elapsed  between  the 
ending  of  the  collection  of  the  mammary  blood  and  the  beginning 
of  that  of  the  jugular  blood.  Both  samples  of  blood  were  oxa- 
lated  and  centrifuged,  and  the  two  samples  of  plasma  were  ana- 
lyzed for  total,  lipoid,  and  inorganic  phosphorus,  and  for  nitrogen. 
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Results  in  Mg.  'per  100  Gm.  of  Plasma. 


Total  pboBpbonu. 

Lipoid  phoaphonis. 

Jucular. 

Mammary. 

Jugular. 

Mammary. 

I  15.62 

II  15.70 
Average.  15.66 

16.36 
16.32 
16.34 

8.79 
8.70 
8.74 

8.79 
8.70 
8.74 

Total  phosphorus  increased  0.68  mg. 
per  100  gm.  in  mammary  plasma. 

Lipoid  phosphorus  equal  in  jugu- 
lar and  mammary  plasma. 

InorgBnie  pho8phoru8. 

Sum  of  lipoid  and  inorsanic  phoephonie  oon- 
oentrationa,  aa  compared  with  the  total. 

Jugular. 

Mammary. 

Jugular. 

Mammary. 

I  6.79 

II  6.85 
Average.  6.82 

• 

7.56 
7.39 

7.47 

Lipoid 8.74 

Inorganic.    6.82 

8.74 
7.47 

m 

Inorganic  phosphorus  increased  0.65 
mg.  per  100  gm.  in  mammary  plas- 
ma. 

Sum 15.56 

Total 15.66 

16.21 
16.34 

Nitrogen. 

Jugular. 

Mammary. 

I 
II 

Average. 

1.253 
1.230 
1.241 

1.253 
1.234 
1.243 

The  blood  corpuscles  had  the  same  volume,  32.5  volumes  per  cent  in 
both  jugular  and  mammary  blood. 

Experiment  2,  Comparison  of  Jitgular  and  Mammary  Blood 
and  Plasmxi  Obtained  from  Cow  211, — The  animal  had  calved 
normally  on  July  25,  1917,  and,  at  the  time  of  the  experiment 
(October  16),  was  giving  23  pounds  of  milk  daily  with  a  fat  con- 
tent of  2.9  per  cent.  She  was  milked  about  4  hours  before  the 
experiment,  and,  during  the  collection  of  blood,  her  udder  was 
not  touched.  All  precautions  were  taken  to  have  her  disturbed 
as  little  as  possible  before  and  during  the  collection  of  the  mam- 
mary blood.  She  and  the  other  cows  of  the  herd  were  left  in 
their  stalls  from  the  time  of  the  morning  milking  until  the  blood 
was  collected  between  8.30  and  9.00  a.m.     The  men  who  helped 
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in  taking  the  blood  were  quiet.  No  precautions  were  taken  to 
keep  her  in  place,  except  that  one  of  the  men  placed  his  arm  in 
front  of  her  hind  legs  to  prevent  kicking.  She  did  not  resent  this 
and  she  made  no  attempt  to  kick;  almost  no  sign  of  pain  was 


Mg.  per  100  Gm.  of  Plasma  or  Blood. 


PlaBma. 


Total  phosphonu. 

Xipoid  phoaphonu. 

Jugular. 

Mammary. 

Jugular. 

Mammary. 

I  11.71 

II  12.07 
Average.  11.89 

11.97 
11.81 
11.89 

7.49 

6.89 

Lipoid  phosphorus  decreased  0.60 
mg.  per  100  gm.   in  mammary 
plasma. 

Total  phosphorus  equal  in    jugular 
.and  mammary  plasma. 

Inorsanio  phoaphonu. 

Sum  of  lipoid  and  inorganic  phoaphorua  oon- 
centrationa  aa  comparad  with  total. 

Jufular. 

Mammary. 

Jugular. 

Mammary. 

I  3.95 

II  4.08 

4.31 
4.58 
4.44 

Lipoid 7.49 

Inorganic.     4.01 

6.89 
4.44 

Average.  4.01 

Sum 11.50 

Total 11.89 

11  33 

Inorganic  phosphorus  increased  0.43 
rag.    per    100    gm.    in     mammary 
plasma. 

11.89 

Blood. 


Total  phoaphoruB. 

Lipoid  phoaphoruB. 

Jugular. 

Mammary. 

Jxigular. 

Mammary. 

I  17.68 

II  18.09 

Average.  17.88 

17.60 
18.16 

17.88 

10.04 
10.36 

10.20 

9.86 
9.48 
9.89 
9.74 

Total    phosphorus   < 
and  mammary  bio 

equal  in  jugular 
od. 

Lipoid  phosphoi 
mg.  per  100  i 
blood. 

•us  decreased  0.46 
^jn.  in  mammary 

The  jugular  blood  contained  32.5  volumes  per  cent  of  corpuscles;   the 
mammary,  30.9  volumes  per  cent. 
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fihown  when  a  trochar  and  cannula  were  inserted  in  her  milk 
vein  at  8.39  a.m.  The  cannula  was  left  stoppered  in  the  vein 
until  8.42  a.m.,  when  about  575  cc.  of  blood  were  collected.  The 
cow  showed  no  sign  of  disturbance  throughout  this  whole  pro- 
cedure. After  the  mammary  blood  had  been  collected,  the  cow's 
nose  was  secured  and  about  525  cc.  of  blood  were  collected  from 
her  jugular  vein  between  8.46  and  8.5!2  a.m.  She  was  somewhat 
disturbed  by  this  part'  of  the  procedure. 

Both  samples  of  blood  were  oxalated,  and  the  greater  part  of 
each  was  centrifuged.  The  two  samples  of  plasma  were  ana- 
lyzed for  total,  lipoid,  and  inorganic  phosphorus;  the  two  portions 
of  whole  blood,  which  were  not  centrifuged,  were  analyzed  for 
total  and  lipoid  phosphorus. 

Experiment  3,  Comparison  of  Jugular  and  Mammary  Blood  and 
Plasma  Obtain^  from  Cow  17. — The  animal  calved  normally  on 
October  11, 1917,  and,  at  the  time  of  the  experiment  (November  1), 
was  giving  about  20  pounds  of  milk  daily,  with  a  fat  content  of 
5.4  per  cent.  The  calf  had  been  kept  with  her  dam  and  allowed 
to  take  milk  from  her  at  will  from  the  time  of  her  birth  until  the 
day  of  the  experiment. 

About  4.00  a.m.,  November  1,  1917,  the  calf  was  separated 
from  her  dam  and  kept  without  food.  The  cow,  in  the  meantime, 
was  allowed  to  stand  in  her  stall,  and  disturbed  as  little  as  pos- 
sible. At  10.50  a.m.,  a  trochar  and  cannula  were  inserted  in  her 
milk  vein  as  in  the  case  of  No.  211,  Experiment  2.  She  moved 
a  little  when  this  was  done,  showing  slightly  more  sign  of  pain 
than  did  Cow  211,  but  did  not  struggle  or  attempt  to  kick.  The 
cannula  was  left  stoppered  in  the  vein,  and  the  calf  was  brought 
in;  the  cow  showed  evident  interest  in  the  presence  of  her  calf 
and  stood  quietly  during  the  subsequent  procedure.  The  calf 
was  allowed  to  suck  first  for  Ij  minutes  on  the  side  opposite  to 
where  the  cannula  had  been  inserted  in  the  vein,  and  then  for  Ij 
minutes,  on  the  same  side.  550  cc.  of  blood  were  then  drawn 
wliile  the  calf  was  still  sucking  at  intervals.  The  calf  was  some- 
what disturbed  by  the  presence  of  the  experimenters  and  did  not 
feed  continuously  but  was  actually  sucking  for  about  a  quarter  of 
the  time  that  the  manmiary  sample  was  being  collected. 

After  the  collection  of  the  mammary  sample,  the  cow's  nose 
was  secured,  and  550  cc.  of  jugular  blood  were  collected.    The  cow 
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was  somewhat  disturbed  by  this  procedure,  but  much  less  than 
was  No.  211  in  Experiment  2.  She  stood  quietly  during  the  col- 
lection of  the  blood  and  chewed  her  cud  a  part  of  the  time.  Dur- 
ing this  part  of  the  procedure,  the  calf  sucked  eagerly.  Less  than 
5  minutes  elapsed  between  the  end  of  the  collection  of  the  mam- 
mary blood  and  the  beginning  of  that  of  the  jugular.  The  blood 
was  treated  and  analyzed  as  in  the  preceding  experiment. 

Mg,  'per  100  Gm.  of  Plasma  or  Blood. 

Plaetoia. 


Total  phosphorus. 

Lipoid  phosphorus. 

Jugular. 

Mammary. 

Jugular. 

Mammary. 

I  10.43 

II  10.17 

III  9.98 
Average.  10.19 

10.55 
10.77 
10.87 
10.73 

6.01 

5.27 

Lipoid  phosphorus  decreased  0.74 
mg.  per  100  gm.  in    mammary 
plasma. 

Total  phosphorus  increased  0.54  mg. 
per  100  gm.  in  mammary  plasma. 

Inorganic  phosphorus. 

Sum  of  lipoid  and  inorganic  phosphorus  con- 
centrations as  oompareo  with  total. 

Jugular. 

Mammary. 

Jugular. 

Mammary. 

I  4.08 

II  4.12 
Average.  4.10 

5.13 
5.25 
5.19 

Lipoid 6.01 

Inorganic.    4.10 

5.27 
5.19 

Sum 10.11 

Total 10.19 

10  46 

Inorganic  phosphorus  increased  1.09 
mg.    per    100    gm.    in     mammary 
plasma. 

10.73 

Blood. 


Total  phosphorus. 

Lipoid  phosphorus. 

Jugular. 

Mammary. 

Jugular. 

Mammary. 

I                   16.96 

TT                        -to'  f\n 

16.76 
16.32 
16.54 

8.61 

8.02 

II              16.93 
Average.  16.94 

Lipoid  phosphorus  decreased  0.59 
me.   oer  100  i"n     in   mAmmftrv 

Total  phosphorus  decreased  0.40  mg. 
per  100  gm.  in  mammary  blood. 

blood. 

The  jugular  blood  contained  31.4  volumes  per  cent  of  corpuscles;  the 
mammary,  28.2  volumes  per  cent. 
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Experiment  4«  Comparison  of  Jugular  and  Mammary  Plasma 
and  Blood  Obtained  frotn  Cow  106, — The  animal  had  calved  on 
January  23,  1917,  and  had  gone  dry  on  December  30,  1917.  She 
was  due  to  calve  again  on  February  17,  1918,  but  aborted  on 

Mg.  per  100  Gm.  of  Plasma  or  Blood, 

Plasma. 


Total  phosphorus. 

Lipoid  phosphorus. 

JusuUr. 

Mammary. 

Jugular. 

Mammary. 

I  9.41 

II  9.69 
III 
Average.  9.55 

10.27 
10.31 
10.37 
10.32 

4.91 

4.89 

Lipoid  phqsphorus  decreased  0.02 
mg.  per  100    gm.  in  mammary 
plasma. 

Total  phosphorus  increased  0.77  mg. 
per  100  gm.  in  mammary  plasma. 

Inorganic  phosphorus. 

Sum  of  lipoid  and  inorganic  phosphorus  con- 
centrations as  compared  with  total. 

Jugular. 

Mammary. 

Jugular. 

Mammary. 

I  4.57 

II  4.53 
Average.  4.55 

5.20 

'    5.07 

5.13 

Lipoid 4.91 

Inorganic.    4.55 

4.89 
5.13 

Sum 9.46 

Total 9.55 

10*02 

Inorganic  phosphorus  increased  0.58 
mg.    per    100     gm.    in    mammary 
plasma. 

• 

10.32 

Blood. 


Total  phosphorus. 

Lipoid  phosphorus. 

Jugular. 

Mammary. 

Jugular. 

Mammary. 

I  14.94 

II  14.57 
Average.  14.76 

15.16 
14.86 
15.01 

.7.92 

7.77 

Lipoid  phosphorus  decreased  0.15 
mg.  per  100  gm.  in  mammary 
blood. 

Total  phosphorus  ir 
per  100  gm.  in  mai 

icreased  0.25  mg. 
nmary  blood. 

The  jugular  blood  contained  31.4  volumes  per  cent  of  corpuscles;  the 
mammary,  28.8  volumes  per  cent. 
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January  13,  1918,  9  days  after  the  experiment,  which  was  carried 
out  January  4.  Blood  was  obtained  from  her  mammary  and 
jugular  veins  essentially  as  in  the  case  of  No.  211,  Experiment  2, 
the  effort  being  made  again  to  disturb  her  as  little  as  possible. 
It  was  not  so  easy,  however,  to  insert  the  trochar  and  cannula  in 
her  milk  vein  as  it  had  been  in  the  case  of  the  milking  cows,  and 
she  made  two  or  three  attempts  to  kick  while  this  was  being  done. 
With  this  exception,  the  process  of  collecting  blood  ran  about  the 
same  as  in  the  case  of  Cow  211.  It  should  be  mentioned,  how- 
ever, that  the  blood  ran  decidedly  less  freely  from  the  mammary 
cannula  than  in  the  case  of  the  milking  cows.  4  days  after  the 
experiment,  it  was  found  that  milk  could  still  easily  be  obtained 
from  her  udder.  The  blood  was  treated  and  analyzed  as  in  the 
two  preceding  experiments. 

Experiment  5.  Comparison  of  Jugular  and  Mammary  Plasma 
and  Blood  Obtained  from  Cow  115, — This  animal  was  bom  No- 
vember 7,  1914,  and  was,  therefore,  somewliat  more  than  3  years 
old  on  January  29,  1918,  when  the  experiment  was  carried  out. 
She  had  been  bred  at  frequent  intervals  since  August,  1916,  but 
had  never  had  a  calf,  and  continued  to  come  in  heat  frequently 
up  to  shortly  before  the  time  of  the  experiment.  She  was,  there- 
fore, probably  not  pregnant  when  the  experiment  was  carried 
out.  Ilf  was  found  possible,  however,  to  get  a  few  drops  of  milk 
from  her  udder  on  the  day  of  the  experiment.  Her  milk  vein  was 
much  smaller  than  those  of  the  milking  cows  or  than  those  of  the 
cows  which  were  dry  after  a  preceding  period  of  lactation.  Blood 
was  obtained  from  her  mammary  and  jugular  veins  essentially 
as  in  the  case  of  Cows  211  and  106,  Experiments  2  and  4, 
every  effort  being  made  to  disturb  her  as  little  as  possible  by 
the  experimental  procedure.  It  was  decidedly  more  difficult, 
however,  to  insert  the  mammary  trochar  and  cannula  than  in  any 
of  the  preceding  experiments,  and  the  cow  made  a  number  of 
vigorous  attempts  to  kick  while  this  was  being  done.  The  blood 
flowed  less  freely  from  the  mammary  cannula  than  in  any  of  the 
preceding  experiments.  The  jugular  blood,  however,  was  col- 
lected without  any  more  difficulty  than  in  the  other  experiments. 
The  blood  was  treated  and  analyzed  as  in  the  two  preceding  ex- 
periments, except  that  the  lipoid  phosphorus  was  not  determined 
in  either  the  plasma  or  blood. 
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Mg.  per  100  Gm,  of  Plasma  or  Blood. 


Plasma. 


Total  phoephorus. 

Inorganic  phosphorus. 

Jufular. 

Mammary. 

Jugular. 

Mammary. 

I                  10.74 
II'             11.07 
Average.  10.90 

11.61 
11.37 
11.49 

5.47 
5.39 
5.43 

6.18 

'6.07 

6.12 

Total  phosphorus  increased  0.59  mg. 
per  100  gm.  in  mammary  plasma. 

Inorganic    phosphorus    increased 
0.69  mg.  per  100  gm.  in  mam- 
mary plasma. 

Blood. 


Total  phosphorus. 

Jugular. 

Mammary. 

I 
11 

Average 

16.94 

17.65 

....17.29 

17.25 
17.18 
17.21 

Total  phosphorus  decreased  0.08  mg.  per  100  gm.  in  mammary  blood. 

The  jugular  blood  contained  37.8  volupies  per  cent  of  corpuscles;  the 
mammary,  33.5  volumes  per  cent. 

Experiment  6.  Comparison  of  Plasma  and  Blood  Obtained  from 
Cow  9  before  and  after  Disturbance, — The  animal  had  her  last 
calf  on  March  12,  1916,  had  gone  dry  September  10,  1917,  and 
was  probably  not  pregnant  at  time  of  the  experiment,  February 
14,  1918.  A  trochar  and  cannula  were  inserted  in  her  left  jugular 
vein  in  the  usual  manner,  and  the  cannula  was  left  stoppered  in 
the  vein  for  half  an  hour.  She  was  allowed  to  stand  in  her  stall 
during  this  period,  secured  only  by  a  halter,  and  was  kept  under 
observation.  It  was  noticed  that  she  stood  quietly  and  gave  no 
sign  that  she  noticed  the  cannula  in  her  neck.  At  the  end  of  the 
half  hour  the  cannula  was  unstoppered  and  550  cc.  of  blood  were 
drawn  from  it;  this  procedure  caused  less  disturbance  than  did 
the  insertion  of  the  mammary  trochar  and  cannula  in  the  cases  of 
Cows  211  and  17,  Experiments  2  and  3.  The  cow's  nose  was 
then  secured,  another  trochar  and  cannula  were  inserted  in  the 
right  jugular  vein,  and  550  cc.  of  blood  were  obtained  from  it. 
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The  disturbance  caused  by  this  part  of  the  procedure  was  about 
the  same  as  that  caused  by  the  corresponding  procedure  in  Ex- 
periment 2  and  rather  more  than  in  the  case  of  Experiment  3. 
About  7  minutes  elapsed  between  the  collections  of  the  two 
samples  of  blood.  The  blood  was  treated  and  analyzed  as  in 
Experiments  2,  3,  and  4. 

Mg,  per  100  Gm.  of  Plasma  or  Blood, 


Plasma. 


Total  phoephorus. 

Lipoid  phoephorus. 

First  jugular. 

Second  jugular. 

First  jugular. 

Second  jugular.. 

I  9.92 

II  10.29 
Average.  10.10 

9.90 
10.18 
10.04 

•         4.71 
4.84 
4.77 

4.66 
4.84 
4.75 

0.06  mg.  per  100  gm.  difference. 

0.02  mg.  per  100  gm.  difference. 

Inorganic  phoaphorus. 

Sum  of  lipoid  and  inorganic  phosphorus  con- 
centrations as  compared  with  total. 

First  jugular. 

Second  jugular. 

First  jugular. 

Second  jugular. 

I  5.62 

II  5.55 

III  5.11 
Average.  5.43 

5.35 
5.39 
5.20 
5.31 

Lipoid 4.77 

Inorganic.    5.43 

4.75 
5.31 

Sum 10.20 

Total 10.10 

10.06 
10.04 

0.12  mg.  per  100  gm.  difference. 

Blood. 


Total  phosphorus. 

Lipoid  phosphorus. 

First  jugular. 

Second  jugular. 

First  jugular. 

Second  jugular. 

I  15.67 

II  16.16 
Average.  15.91 

15.79 
16.22 
16.00 

8.78* 

9.13 
8.92 
9.02 

0.09  mg.  per  100  gm.  difference. 

0.24  mg.  per  100  gin.  difference. 

*  Only  one  determination  made. 

The  first  jugular  blood  contained  29.3  volumes  per  cent  of  corpuscle.s 
the  second  jugular,  29.8  volumes  per  cent. 


Meigs,  Blatherwick,  and  Gary 


63 


Experiment  7.  Effects  of  Feeding  Calcium  Chloride  on  the  CaU 
cium  and  Phosphorus  Content  of  the  Blood  Plasma, — On  January 
9,  1917,  a  blood  sample  was  obtained  from  Animal  17,  a  grade 
steer,  about  5  months  old  and  weighing  about  250  pounds.  Its 
daily  ration  for  some  time  previously  had  been  14  pounds  of 
skimmed  milk,  3  pounds  of  grain,  consisting  of  375  parts  corn- 
meal,  200  parts  wheat  bran,  and  100  parts  linseed  oil  meal,  1 
pound  of  alfalfa  hay,  and  8  poimds  of  corn  silage.  It  was  kept^ 
on  this  ration  throughout  the  experiment,  except  for  the  addition 
of  calcium  chloride.  From  January  9  to  11,  1.8  gm.  of  calcium, 
as  calcium  chloride,  were  fed  daily  with  the  milk;  and  from 
January  11  to  15,  4.7  gm.  The  feeding  of  the  calcium  chloride 
produced  no  perceptible  bad  effects.  On  January  15,  a  second 
blood  sample  was  obtained. 

The  two  samples  of  blood  were  citrated  and  centrifuged.  The 
whole  blood  was  analyzed  for  total  phosphorus;  the  plasma,  for 
total  and  inorganic  phosphorus,  and  for  calcium. 

Mg.  per  100  Gm.  of  Blood  or  Plamaa, 


Total  phosphoniB  in  whole  blood. 

Total  phosphorus  in  plasma. 

Before  calcium  feeding. 

After  calcium 
feeding. 

Before  calcium 
feeding. 

After  calcium 
feeding. 

I  19.65 

II  19.21 
Average.  19.43 

18.38 
18.66 
18.52 

10.80 
10.64 
10.72 

9.56 

10.42 

9.99 

Total  phosphorus  decreased  0.91  mg. 
per  100  gm.  after  calcium  feeding. 

Total  phosphorus   decreased  0.73 
mg.  per  100  gm.    after   calcium 
feeding. 

Inorganic  phosphorus  in  plasma. 

Calcium  in  plasma. 

Bef<»v  calcium 
feeding. 

After  calcium 
feeding. 

Before  calcium 
feeding. 

After  calcium 
feeding. 

I  7.44 

II  7.34 
Average.  7 .  39 

7.14 
6.82 
6.98 

11.24 
10.77 
11.00 

11.48 
11.19 

11.33 

Inorganic  phosphorus  decreased  0.41 
mg.  per  100  giu.  after  calcium  feed- 
ing. 

Calcium   increased  0.33    mg.   per 
100  gm.  after  calcium  feeding. 
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Experiment  8.    Caw  19. — This  experimeat i shows  the  changes  <> 
which  occur  in  the  phosphorus  content  of  the  blood  and  plasma  as 
the  accompaniment  of  pregnancy  and  lactation.     The  subject 
was  a  grade  Jersey  about  8  years  old,  and  was  kept  on  a  nearly 


ExTxrifMnl  a. 

Cow  19. 

Blood,  tot^  P 

1 

a. 

h 

Plunui. 

Ph«ph«U,. 

S 

i 

i 

i 

Date. 

*"*i£°)'. 

H 

3 

Ramu-ki. 

: 

ii 

^1 
1- 

t 

1^ 

^oiT 

mi 

53 

Mov.    7 

22-2* 

39.3 

33.8 

13,9 

8.5 

5,9 

1,35 

Milkiiie22gday8;5lbB. 
milk  daily;  pregnant, 
154  days. 

Dec.  22 

18.8 

40.8 

28.8 

11.1 

5.7t 

5.0 

1.32 

Milking  274  days;  2  iba. 

t»n 

milk  daily ;  prejpiant, 
199  days. 

Jan.  30 

19-3t 

44,2 

27-0 

12.4 

8,4f 

flO 

1-32 

Dryaiacebec.  26,  1916; 
pregnant  238  days. 

Mar.    9 

19.5 

42.1 

i9.9 

11  0 

5  Ot 

5-6 

1.15 

Pregnant  276  days. 

Apr.    9 

18,8 

38.9 

28.5 

12.0 

7.3t 

4,9 

1.25 

Making  28  days;  34.1 
lbs.  milk  daily. 

May    9 

Not  deter- 
mined. 

32.6 

- 

15.7 

8.7 

6.3 

1.27 

Milking  58  days;  29 
lbs.  milk  daily. 

"     22 

"        " 

32.6 

— 

13,3 

8.1 

4  9S 

1.24 

Milking  71  days;  28 
Iha.  milk  daily. 

June  22 

20.7 

37,8 

30,7 

14.0 

8,7 

4.011 

1,32 

Making  102  days;  25 
lbs.  milk  daily. 

*  Check  1,  21.4;  check  2,  23.0;  check  3,  22.3;  all  three  used  In  calculat- 
ing average. 

t  One  determination  only. 

t  Check  1,  18.8;  check  2,  19.8. 

i  Check  1,  4.4;  check  2,  4.8;  check  3,  5.4;  all  three  used  iu  calculating 
average. 

II  Check  1,  4.3;  check  2,  4.9;  check  3,  4.6;  all  three  used  in  calculaling 
average. 
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constant  ration  from  September  26,  1916,  until  July  9,  1917. 
From  the  former  date  until  she  calved  on  March  12,  1917,  her 
daily  ration  was  10.8  pounds  of  grain  (2  parts  corn-meal,  1  part 
wheat  bran,  1  part  cottonseed  meal),  7  pounds  of  alfalfa  hay,  22 
pounds  of  com  silage.  For  a  few  days  immediately  after  she 
calved  her  ration  was  cut  down,  as  is  customary  on  most  dairy 
farms;  it  was  then  resumed  as  above  and  continued  until  April 
21,  when  her  hay  was  reduced  to  4  pounds  daily,  as  she  would 
not  eat  the  7  pounds  which  had  previously  been  supplied.  The 
hay  was  raised  to  6  pounds  on  May  7,  and  this  ration  (10.8  pounds 
of  grain  as  above,  6  pounds  of  alfalfa  hay,  22  pounds  of  com 
silage)  was  continued  until  July  9,  1917. 

Experiment  9,  Cow  33, — The  latter  part  of  this  experiment  is 
in  general  a  repetition  of  Experiment  8,  but  with  a  lower  ration. 
From  April  until  November,  1917,  the  subject  was  kept  on  a 
nearly  constant  ration.  She  was  fed  daily  7  pounds  of  grain,  con- 
sisting of  2  parts  com-meal,  2  parts  wheat  bran,  and  1  part  cotton- 
seed meal,  6  pounds  of  alfalfa  hay,  and  25  pounds  of  corn  silage. 
The  small  temporary  changes  which  were  made  in  this  ration  once 
or  twice,  on  account  of  temporary  loss  of  appetite  or  for  other 
reasons,  occurred  at  such  times  that  they  could  have  had  no  in- 
fluence on  the  changes  in  the  phosphorus  content  of  the  blood 
plasma  which  took  place  in  connection  with  lactation  and  calving. 

The  first  part  of  the  experiment  shows  the  changes  in  the  pihos- 
phorus  content  of  the  blood  and  plasma  which  occurred  as  the  ac- 
companiment of  a  reduction  in  the  rations.  For  16  days  before 
the  first  blood  sample  was  obtained  on  September  27,  1916,  her 
daily  ration  had  been  7  pounds  of  grain  (as  above),  6  pounds  of 
alfalfa  hay,  and  20  pounds  of  com  silage.  From  September  28 
until  November  2,  inclusive,  it  was  changed  to  4  pounds  of  grain 
(as  above),  4  pounds  of  alfalfa  hay,  and  25  pounds  of  com  silage. 
After  November  2,  it  was  restored  to  that  fed  before  September  28. 
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i 

31 

PU.»., 

3" 

'1 

PfaDtphonu. 

H,„,.rk.. 

3§ 

P. 

A 

I'l 

""'^^X 

|l 

i 

\ii 

iH 

III 

™[. 

■ 

1916 

IW 

Sept.  27 

20.3 

34.6 

32.5 

13  3 

8,6* 

4.7t 

1,21 

Milking  42  days; 
17.6  lbs-  milk 
duily;  high  ra- 

Oct.     9 

19.7 

33.9 

31.6 

13.1 

7.5t 

56 

1  30 

Milking  54  days; 
15,4  lbs.  milk 
daily;  low  ra- 
tions since 
Sept.  28, 

"      19 

20.4 

iZ.5 

34.6 

12.7 

7  15 

5  4 

1,32 

Milking  64  days; 
15.7  lbs.  milk 
daily;  still  on 
low  rations. 

Nov,   2 

19.3 

S4  6 

300 

13,2 

7,7|| 

4,B 

1,29 

Milking  78  dfiva; 
15  ll>8.  milk 
daily;  etill  on 
low  rations. 

Dec.    4 

21.3 

40  8 

30.5 

14,211 

8.3S 

5,4" 

1,29 

Milking  100  days; 
16     lbs.     milk 

m, 

daily;  high  ra- 
tions since 
Nov.  3. 

Feb.    5 

20.3 

41  5 

ffl.O 

13.4 

8.9S 

4  3 

1,33 

Milking  163  days; 
14.5  lbs.  milk 
daily. 

Apr.    5 

20.2 

M.e 

32,3 

13.3 

S,2n 

5  1 

1.25 

Milking  222  days; 
13,2  Iba.  milk 
daily. 

June    S 

19.5 

33.6 

32.3 

12. S 

sett 

3.9 

1  24 

Milking  286  days; 
12,9  lbs.  milk 
daily. 

Aug.    3 

19-11t 

32.6 

34,9 

10.9 

6,3tt 

4,0 

Not  delei- 
mined. 

Dry  since  July  20; 

pregnant  284 
days. 
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i 

a. 

1 

Plimmn. 

Pb.,!.™.. 

''r.tt- 

111 

iS 

i 

Aug.  U 

Oct.   e 

18.4 
19.6 

1 

339 
33.5 

30.5 
32,7 

10.515 
12.5"* 

6.2tt 
8. OS 

4.3 
4.2 

Not  deter- 
mined. 

Milkmg  8  days; 

14  lbs.     milk 
daily. 

Milking  61  days; 

15  Iba.    milk 
daily. 

*  Check  1,  9.6;  check  2,  8.6;  check  3,  8.6;  check  4.  8.6;  checks  2,  3,  and 
4  used  in  calculating  average. 

t  Calculated  by  subtracting  lipoid  phosphorus  from  total. 

t  Figure  based  on  one  detennination  only;  results  of  two  other  deter- 
miaations  were  discarded,  as  they  were  obviously  incorrect. 

{  One  determination  only. 

B  Check  1,  7.5;  check  2,  8.0. 

1  Check  1,  14.4;  check  2,  13.2;  check  3,  14.0;  checks  1  and  3  used  in 
calculating  average. 

**  Check  1,  5.6;  check  2,  5.2;  check  3,  5.4;  all  three  used  in  calculating 

tt  Check  1,  19.6;  check  2,  18.5. 

tX  Calculated  by  subtracting  inorganic  phosphorus  from  total. 

ii  Check  1.  11.2;  check  2,  10.4;  check  3,  10.8;  check  4,  10.5;  checks  2, 
3,  and  4  used  in  calculating  average. 

•"  Check  1,  13.3;  check  2,  12.2;  check  3,  12.6;  check  4,  12.4;  checks  3 
and  4  used  in  calculating  average. 

Experiment  10.  Cow  39. — This  experiment  is,  in  general,  a 
repetition  of  Experiment  9.  Here,  as  in  Experiment  9,  the  first 
part  shows  the  effect  of  reducing  the  rations  on  the  phosphorus 
content  of  the  blood  and  plasma  and  on  the  milk  jdeld,  while  the 
second  part  shows  the  changes  in  the  phosphorus  content  of  the 
blood  and  plasma  which  occur  as  the  accompaniment  of  pr^- 
nancy  and  lactation  on  a  nearly  constant  ration. 

From  September  1  to  25,  1916,  this  cow  was  fed  daily  6  pounds 
of  grain  (same  as  that  fed  to  No.  33),  6  pounds  of  alfalfa  hay,  15 
pounds  of  com  silage.  From  September  26  until  November  2, 
die  was  fed  3  pounds  of  grain  (as  above),  3  pounds  of  alfalfa  hay, 
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Experiment  10.     Cow  SO. 
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21 
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NitrotED  dm 
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|i 

&■ 

ni 
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«J. 

Sept.  33 

19,8 

30.4 

30,7 

i4.a 

7  !• 

7.7t 

1.13 

Milkingll7  days;  14.2 
lbs.  milk  daily;  high 

rations. 

Oct.      5 

182 

M.l 

29,8 

13.2 

7.0' 

S.2t 

1.15 

Milking  120  daysjlO.e 
Iba.  milk  daily;  low 
rntiona  since  Sept. 
25. 

"      16 

17.1' 

2«.3 

28.6 

12.1 

6,4* 

5.1 

1.13 

MilkingI40dayB;U.2 
lbs.  milk  daily;  atill 
on  low  rMions. 

"      30 

15.8 

29.2 

20.4 

11.2 

6  ..5 

4  6J 

1  14 

Milking  ISldavs;  9.5 
lbs.  milk  daily;  Bfill 

on  low  rations. 

Nov.  27 
itir 

13  0 

346 

28.8 

13.4 

7  7 

57 

1.16 

Milking  182  days;  12.7 
lb».  milk  daily;  high 
rotiona  since  Nov. 
3. 

Milking  ZlildavR;  10.3 

Jan.     I'.l 

17.1 

330 

26.2 

12.1 

6,S* 

4.6S 

1,16 

Ibe.  milk  daily. 

M»r.    2B 

10.9 

38,9 

24.6 

n.fi 

6.4 

5.3' 

1.15 

Milking  301  days;  5.8 
lbs.  milk  daily. 

Muy    28 

17.3 

38.9 

25.4 

ll.fl 

5.011 

6,0 

I  17 

Dry  since  May  18; 
prfigimiit  230  day.". 

July    24 

1G,3 

32-5 

27,1 

10,7 

6.5|i 

4,2 

1.13 

PrcRiinnt  287  days. 

Aug.     0 

1G.0 

30-4 

27.4 

107 

fi,5|[ 

4.2 

Not  dctci^ 

Milking  12  days;  20.2 

Ib^.  milk  daily. 

Oct        2 

19  I 

31.4 

211.3 

14.2 

8.911 

5,3 

Milking  60  daya;  17.0 
Ib^.  milk  daily 

•  One  determination  only. 

1  Calculated  by  Hubtraeting  li|)oid  phosphorus  from  total. 
t  Check  1,  4.6;  check  2,  3.9;  elieck  3.  4.5;  checks  1  and  3  used  io  calcu- 
ilt'HK  nvcrnRe. 
5  Check  1.  4.8:  chock  2.  4.5. 
![  CahsuUted  by  subtracting  inorganic  phosphorus  from  total. 
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and  25  pounds  of  com  silage.  After  November  2  the  ration  was 
restored  to  that  fed  before  September  25,  and  this  ration  was  kept 
up  (except  for  a  reduction  in  the  hay  between  April  21  and  30, 
1917,  on  account  of  temporary  loss  of  appetite)  until  slje  calved 
on  July  28,  1917.  It  was  cut  down  as  usual  for  a  few  days  after 
calving,  then  made  6  pounds  of  grain  (as  above),  6  pounds  of 
alfalfa  hay,  and  30  pounds  of  com  silage.  On  September  10  the 
grain  was  increased  to  8  pounds,  and  the  silage  was  reduced  to  25; 
this  ration  was  continued  until  after  October  2,  1917. 

Experimmts  tl,  12,  IS,  and  l.^.  Heifers  79,  81,  119,  and  120.— 
These  experiments  show,  in  the  first  place,  the  changes  which 
occur  in  the  concentrations  of  various  constituents  of  the  blood 
and  plasma  as  the  result  of  advancing  age.  In  the  second  place, 
they  throw  some  light  on  the  changes  which  can  be  produced 
in  the  concentrations  of  calcium  and  inorganic  phosphate  in  the 
plasma  by  feeding  either  calcium  chloride  or  sodium  phosphate. 

The  four  heifers,  which  served  as  subjects,  were  fed  in  general, 
as  nearly  as  possible  alike.  They  received  rations  like  those  rec- 
ommended in  the  standard  books  on  the  subject,  the  object 
being  to  keep  them  growing  and  in  good  condition.  This  object 
was  attained  in  all  four  cases. 

The  following  is  a  rough  description  of  the  manner  of  feeding. 
10  pounds  of  whole  milk  were  fed  daily  up  to  the  10th  day. 
Skimmed  milk  was  then  gradually  substituted,  and  the  calves 
got  12  pounds  of  this  daily  up  to  the  30th  day.  From  the  30th 
to  the  180th  day  the  daily  milk  ration  was  14  pounds;  it  was  then 
rapidly  reduced,  and  no  more  milk  was  fed  after  the  200th  day. 
Small  amounts  of  alfalfa  hay  were  offered  (and  usually  not  eaten 
at  first)  from  the  7th  day  on.  From  the  end  of  the  3rd  week 
small  amounts  of  grain  (375  parts  corn  and  cob  meal,  200  parts 
wheat  bran,  100  parts  linseed  oil  meal)  and  com  silage  were  also 
offered.  When  60  days  old  the  heifers  were  usually  eating  about 
a  pound  of  grain,  half  a  pound  of  hay,  and  3  pounds  of  silage 
daily  besides  the  milk.  The  grain,  hay,  and  silage  were  gradu- 
ally increased  until  at  300  days  the  calves  were  eating  3  pounds  of 
grain,  3  pounds  of  alfalfa  hay,  and  about  25  pounds  of  corn  silage 
daily.  The  grain  and  hay  were  not  increased  beyond  this  point, 
but  the  silage  was  increased  in  some  cases  to  as  nmcli  as  32 
pounds.  Records  were  kept  of  the  amounts  of  the  various  feeds 
eaten  in  each  case.  All  the  calves  took  practically  all  the  milk 
and  grain  that  was  offered  to  them,  so  that  the  rations  were  nearly 


70 


Phosphorus  and  Calcium  MetaboUsm 


similar  in  all  four  cases  as  far  as  these  constituents  were  con- 
cerned. They  also  took  all  the  hay  after  the  first  4  or  5  weeks. 
There  was  some  variation  in  the  amount  of  silage  eaten,  but  this 
was  so  small  that  tlie  experiments  may  be  regarded  as  comparable 
ae  far  as  the  basic  rations  were  conceraed. 

Heifers  79  and  120  were  fed  on  the  rations  which  have  just  been 
described,  without  additions.  Heifer  81  received  daily  doses  of 
calcium  chloride  in  addition;  and  Heifer  119,  daily  doses  of  diao- 
dium  phosphate.  From  February  20  to  July  25,  1917,  Heifer^Sl 
received  2.6  gm.  of  Ca  daily  as  calcium  chloride;  and  from  July 
25  on,  5.7  gm.  of  Ca.  From  January  11  to  March  19,  1917, 
Heifer  119  received  4.5  gm.  of  P  daily  as  NaiHP04,  and  from 
March  19  on,  6,9  gm.  daily. 

Heifer  119  showed  no  bad  eEFects  whatever  as  the  result  of  the 
phosphate  feeding,  and  Heifer  81  also  showed  no  bad  effects  from 
the  calcium  feeding. 

Experiment  II.  Heifer  79,  Fed  Basic  Ration  vnlhout  Addition. 
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PiMlDS. 

PhoBphonis, 

""^fSSiT 

t 

Date. 

!1 

n 

RernHka. 

nil 
Dec.  12 

Feb,  17 
Apr.  16 
July  10 

Nov.  26 

Apr.  29 

31.6 

20.01 
22.0 
20.9 
22,0 

17,9 

49. S 

43.1 
42-0 
34,6 

39,9 

37,8 

62.0 

32,3 

33,6 
32,2 

27,6 

8,5 

9,5 

13. 2t 
13.6 
14.5 

11,4' 

2.0* 

3  1' 

6,9S 
0,2§ 

5,8S 

8,3 

8,4* 
9.0 
6,7 
8,3 

5,6 

0,959 

1-164 

1.070 

1.091 

Not  deter- 

iniDed, 

11.2" 

10,1 
10,0 
9.4 

10,111 

9-4 

1  day  old:  born 
Dec.     11, 

68  days  old. 
126    "       " 
220    ■'       " 
350    "       " 

1  JT,,    139   days 
old. 

•  One  determination  only. 

t  Check  1,  20.8;  check  2,  19.2. 

t  Check  I,  12.1 ;  check  2,  13.2;  check  3,  13,3;  checks  3  and  3  uaed  in  caN 
cut  a  ting  average, 

S  Calculated  by  Hubtractin)t  inorganic  from  total. 

II  Check  1,  10,5;  check  2.  10.1 ;  check  3, 10.0;  check  4,  9.8;  all  four  used  in 
calculatiDg  average. 
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1.148S 

13.4 

1  day  old;  bom 
Feb.  19. 

Apr.  20 

17.5 

•11  < 
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9  4 

■2  21 

7,2 

1.038 

10,4 

TO  days  old. 

June  19 

IR  .8 

T4  1 

29  7 

n  9 

4.9| 

7  011 

0.918 

10, e 

120    "       " 

Sept.  22 
Ilia 

19.0 

^8-9 

28.9 

12.0 

4.111 

79 

Not  detei- 
mined. 

10,5 

215    "       « 

Jan.    24 

17-9 

37  S 

28.1 

11.1 

4.41 

" 

"      " 

9.7 

339    "       " 

*  Figure  based  on  one  determination  only;  the  result  of  a  second  de- 
termination was  discarded  as  it  was  obviously  incorrect. 

t  First  two  determinations  discarded  as  they  did  not  agree  with  one 
ftnother;  the  figure  given  ia  based  on  another  pair  which  was  9.74  &&d 
9.46  respectively. 

t  Check  1,  6.3;  check  2,  6.8. 

i  Check  1,  1.112;  check  2,  1.184. 

H  Calculated  by  subtracting  inorganic  from  total, 

i  Check  1,  7.4;  check  2,  6.7 
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Experiment  IS.  Heifer  119,  Fed  Basi 

Ralio»  pluK  Disodivm  Fhmphate. 
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Mar.  12 
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3fi,7 

34  fi 

12  011 

3  3f 

8. Si 

0  975 

10. 8 

62  days  old. 

May  14 

21.2 

41..') 

33.2 

U.7 

3  2" 

H.5 

1. 018 
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Aug.  23 

ZOO 

33  0 

33.2 

13.0 
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8,0 

Not  detei^ 
mined. 

10.1 

226      "         " 

Dec.     3 

21  6 

41.  S 

31  3 

13.0 

0.5" 

?.4 

"      " 

10.8 

32S      "         .. 

*  Check  1,  II. 1 ;  check  2,  10.1 ;  chock  3,  9.9;  checks  2  and  3  used  in  cal- 
cuUling  average. 

t  One  determination  only. 

X  Check  1,  6.9;  check  2,  5.9;  check  3,  8.5;  check  4,  6.2;  checks  3  and  4 
UBcd  in  calculating  average. 

S  Check  1,  1.190;  check  2,  1.102. 

II  Check  1,  21.6;  check  2,  20.0. 

11  Check  1.  12.4;  check  2,  12.1;  check  3,  11.5;  all  three  used  in  calcu- 
lating average. 

••  Calculated  by  subtracting  inorganic  from  total. 
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Experiment  1 

.  Heifer  110,  Fed  Basic  Ration 

inthoiil  Addilion. 
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Apr.  24 
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2.2t 
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62  days  old,  born 
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30fi 
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i.4i 

6.fi 

1.059 

10,1 

128  davB  old. 

8«pt.  27 

22.01 

J4  6 

33. J 

lo  5 

i,31 

0.2 

Not  detei^ 

9.1 
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mined. 

Mar.    4 

18.4 

«.l 

29  1 

12.1 

4,9t 

T.2 

9.8 

1  yr.,  11  days 
old. 

*  Check  1,  8.6;  check  2,  7.6;  check  3,  8.2;  checks  1  and  3  used  in  calcu- 
lating Bverane. 

t  Calculated  by  aubtracting  inorgaiiic  from  total. 
J  Check!.  22.8;  check  2,  21.1. 

Experiment  15.  Heifer  S14- — This  experiment  throws  some  fur- 
ther light  on  the  changes  in  the  calcium  and  phosphorus  content 
of  the  blood  and  plasma  which  occur  as  the  accompaniment  of 
increasing  age,  of  pregnancy,  and  of  changes  in  ration. 

The  subject  was  a  thoroughbred  Holstein,  born  March  18,  1916. 
Up  to  August  4,  1917,  no  particular  effort  was  made  to  control 
her  rations,  and  she  was  fed  about  as  the  calves  are  usually  fed 
at  Beltsville,  but  with  considerably  more  skimmed  milk  than  was 
given  to  Heifers  79,  81,  119,  and  120.  From  August  4  to  Sep- 
tember 10,  1917,  she  was  fed  daily  3  pounds  of  grain,  consisting 
of  2}  parts  com  and  cob  meal,  2  parts  wheat  bran,  1  part  cotton- 
seed meal;  4  pounds  of  alfalfa  hay;  15  pounds  of  com  silage. 
She  became  pregnant  on  August  23.  On  September  10,  her  silitge 
was  raised  to  25  pounds. 

On  December  18,  an  experiment  was  started,  one  of  the  objects 
of  which  was  to  gain  further  light  on  the  possibiHty  of  raising 
the  concentration  of  inorganic  phosphate  in  the  blood  plasma  by 
feeding  sodium  phosphate.  From  this  date  until  January  18, 
1918,  the  heifer  was  fed  3  pounds  of  grain  (as  above),  4  pounds 
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Experiment  IS.  Heifer  Bli. 
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mined. 

9,7 

lyr.,  152  days 
old. 

Sept.  10 
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5,4* 

5.3 
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daya;  1  yr., 
207  days 
old. 

Nov.  16 

17.6 

38.8 
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9.9* 

5.1* 

5,1 

10  5* 

Pregnant    86 
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old. 
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41.0 

28.8 
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4.5t 
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16.4 

35.1 
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10,3 
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Experiment  IS.  Beifer  tii~CoJteluded. 
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18.8 

37.8 

28,7 
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36.7 

28.4 
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Pregnant  209 
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since  Feb. 
27. 
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15.6 

37.8 

34.1 

9.9 
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Not 
deter- 
mined. 

Pregnant  252 
days;  2 
yrs.,  45 
days  old; 
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since  Mar. 
29. 

*  One  determination  only. 

t  Check  1,  5.5;  check  2,5.5;  check  3,4.8;  check  4,  5.3;  checks  1.  2,  and  4 
used  in  calculating  average. 

t  Calculated  by  subtracting  inorganic  from  total. 

{  Check  1,  14.8;  check  2.  17.3;  check  3,  16.8;  check  4,  16.9;  checks  2,  3, 
and  4  used  in  calculating  average. 

of  alfalfa  hay,  25  pounds  of  com  silage.  January  19  to  February 
26,  1918,  she  was  fed  hay  and  grain  on  alternate  days,  and  diso- 
dium  phosphate  was  added  to  the  grain,  the  manner  of  feeding 
being  as  follows.  1  day,  6  pounds  grain  (as  above),  but  with  22  gm. 
of  phosphorus  as  NajHPO*  added  to  it;  25  pounds  of  com  silage; 
the  next  day,  8  pounds  of  alfalfa  hay,  25  pounds  of  com  silage. 
From  February  27  to  March  27,  this  manner  of  feeding  was 
continued,  but  the  grain  was  fed  without  the  phosphate  and  the 
ailage  was  raised  to  30  pounds. 
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THE  PHYSICAL  PROPERTIES  AND  CHEMICAL  COMPO- 
SITION OF  HUMAN  AMNIOTIC  FLUID. 

By  DOKO  UYENO. 

(From  the  Laboratories  of  Gynecology  and  Obetetrice  and  Medico-Chemical 
Departments f  Kyoto  Imperial  University j  Kyoto.) 

(Received  for  publication,  October  27, 1917.) 

An  inquiry  into  the  biological  meaning  of  the  human  amniotic 
fluid  demands,  first  of  all,  a  sufficient  knowledge  of  its  physical 
properties  and  chemical  composition,  information  which  many  in- 
vestigators have  attempted  to  gain.  Prochownick  (1)  studied 
the  sodium  chloride,  solid  substances,  and  urea  in  the  amniotic 
fluid;  Schroeder  (2)  determined  the  quantities  of  solid  substances, 
ash,  and  albumins;  Farkas  and  Scipiades  (3)  inquired  into  its  phys- 
ical properties  and  into  the  quantity  of  sodium  chloride  contained 
in  it;  Jacqu^  (4)  and  Grtinbaum  (5)  measured  its  freezing  point. 
These  reports,  however,  are  defective  either  in  the  methods  used, 
or  in  the  statement  of  their  examinations;  accordingly,  in  many 
cases,  the  results  are  highly  problematical.  Doderlein  (6)  and 
Jacqu^  (4)  performed  some  fairly  exact  analyses  of  amniotic 
fluid  of  mammalia,  but  their  results  cannot  be  applied  directly  to 
human  amniotic  fluid. 

Physical  Properties  of  Human  Amniotic  Fluid. 

A  study  of  the  literature  of  the  amniotic  fluid  may  be  said  to 
establish  the  following  facts:  the  fluid  has  a  specific  gravity  vary- 
ing from  1.002  to  1.D28;  a  freezing  point  which  varies  from  A  = 
—0.45  to  —0.5°;  it  is  always  hypotonic  against  the  blood  of  the 
maternal  body  and  the  fetus.  On  the  basis  of  these  facts,  most 
investigators  have  concluded  that  the  amniotic  fluid  is  not  a  simple 
transudate,  but  a  mixture  of  fetal  urine  with  maternal  transudate. 

Experimental  Material, 

The  urine  of  women  in  labor  was  removed  through  a  Nelaton's  catheter 
after  disinfection  of  the  vulva;  a  sterile  dry  cylindrical  speculum  was  in- 
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troduced  deep  into  the  vagina,  and  the  os  uteri  and  its  circumference  were 
wiped  with  sterile  gauze,  thereby  cleansing  it  entirely  froin  blood,  mucous 
particles,  etc.  The  fetal  membranes  were  pierced  with  a  sharp  instrument, 
and  the  amniotic  fluid  flowing  out  from  the  inside  of  the  womb  was  collected 
in  a  clean  glass  flask,  and  preserved  with  a  small  quantity  of  toluene  in  an 
ice  box.  Thus  obtained,  the  amniotic  fluid  is  almost  pure,  since  it  has  little 
chance  to  become  impure,  as  it  flows  along  the  sides  of  the  speculum,  with- 
out touching  the  mucous  membrane  of  the  vagina  or  the  skin  of  the  vulva. 
The  amniotic  fluid  b  slimy,  yellowish  white  or  pale  yellow,  and  cloudy 
like  soap  water  (rarely  clear);  it  almost  always  contains  much  mucous 
flocks  and  has  a  peculiar  odor.  Because  of  its  sliminess,  the  fluid  is  first 
filtered  through  fourfold  gauze  and  later  with  suction.  Thus  prepared, 
the  slightly  cloudy  liquor  was  used  for  the  following  experiments. 

Specific  Gravity, 

With  a  5  or  10  cc.  pyknometer,  the  specific  gravity  of  the  am- 
niotic fluid  of  women  at  the  end  of  pregnancy  was  determined  in 
twenty-three  cases,  ai\d  was  found  to  average  1.0078.  In  six 
cases,  the  liquor  was  yellowish  green,  mixed  with  meconium,  \Vith 
a  specific  gravity  varying  from  1.0081  to  1.0136,  averaging  1.0106; 
in  the  remaining  seventeen  cases,  the  liquor  was  yellowish  white 
or  yellow,  and  the  specific  gravity  varied  from  1.0046  to  1.0099, 
averaging  1.0069.  Furthermore,  in  one  case  in  the  5th  month  of 
pregnancy,  in  which  artificial  abortion  was  performed  because 
of  tuberculosis,  the  specific  gravity  of  the  fluid  was  1.008,  and  in 
another  case  at  the  beginning  of  the  6th  month,  it  was  1.0087. 
The  admixture  of  meconium  always  causes  an  increase  of  the 
specific  gravity.  In  one  instance,  in  the  first  half  of  pregnancy, 
no  evident  difference  was  found. 

The  relation  between  the  specific  gravity  and  the  freezing  point 
is  shown  in  Table  I. 

Freezing  Point  and  Osmotic  Pressure. 

By  use  of  Beckmann's  cryoscopic  apparatus,  the  freezing  point 
of  the  amniotic  fluid  of  twenty-two  women  at  the  end  of  preg- 
nancy was  determined.  The  value  of  A  was  found  to  vary  from 
0.46  to  0.565°,  with  an  average  of  0.504°.  In  sixteen  cases,  the 
amniotic  fluid  was  yellowish  or  yellowish  white,  with  an  average 
freezing  point  of  0.504°;  in  the  other  six  cases,  the  liquor  was 
yellowish  green,  mixed  with  meconium,  and  had  an  average  freez- 
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Ne<r-born  child. 
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47 
50 
46 
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48 
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47 
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41 

47 
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RuDuki. 
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"        2 
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10 
12 
13 
U 
16 

18 
19 
20 
22 

24 

27 

Average.. 

1.0066 
1.0072 
1.0065 

I. 007a 

1.0067 
1.0083 
1.0071 
1.0065 
1.0066 
1.0073 

1,0066 
1.0082 
1.0075 
1.0066 
1,0064 
1.0074 
1.0046 
1.0069 

■c. 
25 
21 

io 
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19 
19 
19 
19 
19 
19 
19 

17 
18 
17 
17 

m 

21 

18 
19 
19 
19 
17 

34 
IS 

■C-, 
0.485 

0.49S 
0.480 

0-565 
0.563 
0.500 
0.475 
0.500 
0.490 

0,460 

0.520 
0.525 
0512 
0.505 
0.500 
0.495 
0.504 

0.260 

0,267 
0,258 

0.302 
0.268 
0.255 
0.268 
0.263 
0.247 
0-279 
0.282 
0.276 
0  271 
0.268 
0.266 
0.271 

5.837 

5  993 

5.777 
6,800 
6.776 
6.017 
5-716 
6.017 
5.897 
5.636 

6  258 
6.318 
6,162 
6.077 
6.017 
5.957 
6.072 

F. 
M. 
F. 
M. 
F. 
M. 

F. 

M. 
F. 

M. 

F. 
M. 

F. 

2,600 
2,460 
2,500 

2,150 

3,000 

3,200 

2,780 

3,000 

3,300 

3,110  1 

2,600 

3,050 

2,500 

2,070 

3,420 

2,970 

3,050 

Asphyxia   of    eee- 
oad  degree. 

4 

6 

9 
11 
17 
21 
ATOTBge.. 

1.013G 

1.0123 

1.0090 
1.0099 
1.0108 
I.OOSl 
1.0106 

0,565 

0.518 

0.478 
0.513 
0.488 
0.470 
0.505 

0.303 

0.278 
0  256 
0  276 
0262 
0.252 
0  271 

6.800 

6  234 

5  753 

6  174 

5,873 

6-081 

M. 

46 

50 
52 
54 
48 
65 

2,000 

2,950 
2,810 
2,800 
2,680 
3,150 

Albuminuria,  beri- 
beri, 8tiH-born, 
raided  with  me- 

With  meconium. 

191 
227 

1.0080 
1.0087 

0.540 

0.293 

6.499 

5th  moDth. 
6th       " 

ing  point  of  0.505°.  According  to  these  results,  it  seems  that  the 
admixture  of  meconium  has  no  marked  influence  upon  the  freez- 
ing point.  The  amniotic  fluid  of  a  pregnant  woman  at  the  begin- 
ning of  the  6th  month  showed  the  freezing  point  i  to  be  0.54*. 
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From  the  formulas  P  =  0.082  CT  (in  which  P  =  osmotic  pres- 
sure, C  =  osmotic  concentration,  and  T  =  absolute  temperature) 

and  C  =  ^  (in  which  A  =  the  lowering  of  freezing  point,  and  E 

=  a  constant),  the  osmotic  pressure  of  the  liquor  at  0°  was  cal- 
culated (Table  I).  The  values  for  the  sixteen  cases  of  pure  am- 
niotic fluid  varied  from  5.536  to  6.80  atmospheres,  with  an  average 
of  6.072,  while  those  of  the  six  cases  in  which  the  fluid  was  mixed 
with  meconium  varied  from  5.656  to  6.80,  with  an  average  of 
6.081  atmospheres. 

Specific  Electrical  Conductivity, 

The  resistance  of  twenty-three  samples  of  amniotic  fluid  was 
measured  by  the  usual  method,  and  the  specific  electrical  conduc- 

C  . 

tivity  calculated  from  the  formula  U  —  =y^(W  =   resistance,    C 

H 

=  resistance  capacity).  The  resistance  capacity  was  determined 
by  using  a  0.1  n  KCl  solution.  In  seventeen  cases,  the  amniotic 
fluid  was  yellowish  and  the  specific  electrical  conductivity  varied 
from  119.06  X  10-*  to  134.00  X  10-*,  with  an  average  of  127.15 
X  10-*.  In  six  cases,  the  fluid  was  yellowish  green,  mixed  with 
meconium,  and  the  specific  electrical  conductivity  varied  from 
120.62  X  10-*  to  132.84  X  10"*,  with  an  average  of  126.90 
X  10"*.  The  admixture  of  meconium  seems  to  have  no  marked 
influence  on  the  electrical  conductivity. 

Hydrogen  Ion  Concentration. 

According  to  Hasselhalch's  (7)  method,  a  gas  electrode  was 
made  with  amniotic  fluid,  and  connected  with  a  calomel  electrode 
(0.3377  volt),  an  accumulator  whose  electromotive  force  was  pre- 
viously determined  in  comparison  with  a  cadmium  standard  cell, 
a  resistance  bridge,  and  a  capillarj'^  electrometer;  the  electromo- 
tive force  of  the  fluid  was  determined,  and  from  this  the  H  ion 
concentration  was  calculated.  The  results  with  the  H  ion  con- 
centration are  shown  in  Table  II. 

In  sixteen  cases,  the  amniotic  fluid  was  pure,  and  the  H  ion 
concentration  varied  from  0.2266  X  lO-^  to  0.2648  X  10-^  with 
an  average  of  0.1282  X  10"^.     In  five  cases,  the  liquor  was  yel- 
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TABLE  n. 


No.  of 

Spaoifio  eleotrioal 

H  ion 
oonoontration. 

h 

•c. 

Mnniotio 
fluid. 

oonduotivity 

Reaction  (litmus). 

Remarks. 

1 

124.43  X  10-* 

Weakly  alkaline. 

0.4845  X  10-» 

25 

2 

128.90  X 

a 

5 

128.90  X 

it 

Weakly  alkaline. 

0.7189  X    " 

19 

7 

127.84  X 

it 

tt            tt 

0.9270  X    " 

19 

8 

129.11  X 

it 

tt            tt 

0.2266  X    " 

18 

10 

122.11  X 

tt 

Neutral. 

0.3207  X     " 

19 

12 

130.55  X 

u 

tt 

0.5251  X     " 

19 

13 

124.64  X 

(t 

tt 

0.2269  X  10-^ 

19 

• 

14 

125.34  X 

tt 

Weakly  alkaline. 

0.2536  X     " 

19 

16 

128.89  X 

tt 

Neutral. 

0.2062  X     " 

19 

18 

119.09  X 

tt 

Weakly  alkaline. 

0.9804  X  10-" 

17 

19 

134.00  X 

tt 

«             {< 

0.2583  X  10-' 

17 

20 

134.00  X 

tt 

tt             tt 

0.5002  X  10-" 

17 

22 

133.22  X 

tt 

tt             tt 

0.8628  X    " 

18 

23 

127.40  X 

tt 

It                   it 

0.2648  Xl0-» 

18 

24 

122.54  X 

it 

Neutral. 

0.1449  X    " 

18 

27 

120.69  X 

tt 

It 

0.1432  X     " 

18 

Average. 

127.15  X 

tt 

0.1282  X    " 

21 

4 

132.84  X 

tt 

Weakly  alkaline. 

0.8338  X10-» 

Still-born, 

mixed  with 

meconium. 

6 

127.97  X 

u 

u              tt 

0.7189  X  " 

19 

Mixed  with 
meconium. 

9 

120.62  X 

u 

Neutral. 

0.1453X10-^ 

19 

Mixed  with 
meconium. 

11 

130.14  X 

tt 

tt 

0.6131  X  10-» 

19 

Mixed  with 
meconium. 

17 

126.74  X 

tt 

Weakly  alkaline. 

0.8329  X    " 

19 

Mixed  with 
meconium. 

21 

123.14  X 

tt 

Neutral. 

Mixed  with 
meconium. 

Average. 

126.90  X 

tt 

0.8903  X  10-» 

lowish  green,  mixed  with  meconium,  and  the  H  ion  concentration 
varied  from  0.6131  X  IQ-^  to  0.1453  X  10-^  with  an  average  of 
0.8903  X  10""*.  It  is  evident  from  these  figures  that  the  reac- 
tion of  the  amniotic  fluid  is  slightly  alkaline.  In  addition,  the 
reaction  was  tested  with  litmus  paper;  in  thirteen  cjises,  the  reac- 
tion was  weakly  alkaline,  in  nine  cases  it  was  neutral;  in  no  case 
was  the  reaction  acid. 
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Optical  Activity. 

The  albumin  was  coagulated  by  adding  a  small  quantity  of 
sodium  chloride,  making  the  solution  slightly  acid  with  1  per  cent 
acetic  acid,  and  heated  on  a  water  bath.  After  filtering,  only  one 
of  the  twenty-two  samples  examined  showed  any  optical  activity 
(-0.0O. 

Summary, — (1)  The  specific  gravity  of  pure  amniotic  fluid  av- 
erages 1.0069  and  never  rises  higher  than  1.010.  (2)  The  freez- 
ing point  averages  0.504°;  the  diflferencc  between  the  greatest 
and-  the  smallest  amounts  to  nearly  0.1°.  The  osmotic  pressure 
averages  6.072  atmospheres.  (3)  The  specific  electrical  conduc- 
tivity averages  127.15  X  10~^,  and  corresponds  nearly  to  that  of  a 
0.1  N  solution  of  KCl.  (4)  The  average  H  ion  concentration  is 
0.1282  X  10-^  that  is,  slightly  alkaline.  (5)  The  reaction  with 
litmus  paper  is  either  slightly  alkaline  or  neutral.  (6)  It  is 
nearly  optically  inactive. 

Inorganic  Components  of  Human  Amniotic  Fluid. 

Farkaa  and  Scipiades  (3)  found  0.444  to  0.58  per  cent  (average  0.507  per 
cent)  sodium  chloride  in  the  amniotic  fluid  of  five  pregnant  women.  Jacqu^ 
(4)  analyzed  the  amniotic  fluid  of  eighteen  sheep  fetuses  with  a  length  of  2 
to  49  cm.  and  found:  insoluble  ash  0.017  per  cent,  soluble  ash,  0.82  per  cent, 
sodium  chloride  0.64  per  cent,  and  total  ash  0.84  per  cent.  He  also  analyzed 
the  fluid  of  two  swine  and  found:  insoluble  ash  0.024  to  0.030  per  cent, 
soluble  ash  0.74  to  0.76  per  cent,  sodium  chloride  0.53  to  0.55  per -cent,  and 
total  ash  0.77  to  0.78  per  cent.  Doderlein  (6)  performed  exact  anal3r8e8  of 
the  amniotic  fluid  of  fifteen  cows  and  found :  CI  0.358  per  cent,  NaCl  0.686 
per  cent,  NaaO  0.367  per  cent,  K^O,  0.060  per  cent,  Ca  0.014  per  cent,  Mg 
0.0038  per  cent.  Nauta  (8)  found  0.36  per  cent  chlorine,  1.44  per  cent  solid 
substances,  and  0.59  per  cent  ash  in  the  anmiotic  fluid  of  cows. 

Quantitative  Determirhation  of  Water ,  Solid  Substances,  Ash^  and 

Organic  Substances. 

The  filtered  amniotic  fluid  was  centrifuged  for  30  minutes, 
freed  from  sediment,  and  filtered  with  suction.  A  known  quan- 
tity of  this  filtrate,  which  in  most  cases  was  still  a  little  cloudy, 
was  evaporated  on  a  water  bath,  and  dried  to  constant  weight 
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at  110°C.,  giving  the  solid  substance.  This  was  then  ashed  and 
separated  into  soluble  and  insoluble  ash.  The  sum  fif  the  two 
is  total  ash;  the  organic  substances  and  the  water  were  obtained 
by  difference.  The  results  of  the  analyses  are  shown  in  Tables 
III  to  VI. 


TABLE  ni. 


Amniotic  fluid. 


Water  (15  cases) 

Solid  substances  (26  cases) . . . 

Soluble  ash  (20  cases) 

Insoluble  ash  (20  cases) 

Total  ash  (20  cases) 

Organic  substances  (20  cases) 


Average. 


High. 


Low. 


Giu.  per  100  oo.  fluid. 


99.29 
1.02 
0.72 
0.03 
0.76 
0.26 


TABLE  IV. 


No.  of 

Quantity  of 

Solid 

amniotio 

amniotic 

substances 

fluid. 

fluid. 

per  100  CO. 

Water  per 
100  oc. 


Remarks. 


A. 


cc. 

gin. 

gm. 

1 

20 

1.11 

99.55 

5 

20 

1.11 

99.54 

7 

15 

1.27 

99.49 

12 

20 

1.20 

99.51 

13 

20 

1.14 

99.51 

14 

15 

1.26 

99.40 

Average. 

1.18 

99.50 

B. 


4 

20 

1.73 

99.63 

Mixed  with  meconium. 

6 

10 

1.84 

99.39 

«         «             it 

9 

20 

•     1.77 

99.13 

it               it                     u 

11 

20 

1.95 

99.04 

U                 ti                       ti 

Average. 

1.82 

99.30 

*  Excluded  from  the  average. 
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TABLE  V. 


of   amniotic 
id. 

r 

>»« 

9  2 
3*i 

cc. 

25 

3- 

• 
M 

a 

• 

1 

Inaoluble 
ash. 

• 

a 

1 

i. 

II 

• 

m 
EC 

Remarks. 

.  3 
0«3 

2: 

Gm.  per  100  cc.  fluid. 

16 

1.19 

0.75 

0.04 

0.79 

0.40 

99.54 

17 

20 

1.32 

0.72 

0.04 

0.76 

0.56 

99.76 

Mixed  with  a  little  me- 

18 

20 

1.02 

0.72 

0.04 

0.76 

0.27 

99.63 

conium. 

19 

20 

1  53 

0.77 

0.04 

0.81 

0.72 

99.29 

20 

20 

1.25 

0.78 

0.04 

0.82 

0.43 

99.50 

22 

15 

1.23 

0.80 

0.04 

0.84 

0.39 

99.43 

23 

25 

1.15 

0.74 

0.04 

0.78 

0.36  99.49 

• 

24 

20 

1.35 

0.75 

0.04 

0.78 

0.57   99.39 

27 

20 

1.13 

0.72 

0.04 

0.76 

0.37 

'99.33 

29 

15 

1.41 

0.81 

0.04 

0.86 

0.55 

Average. 

1.26 

0.76 

0.Q4 

0.80 

0.46 

99.48 

TABLE  VL 
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a 
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'I 
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3  a 
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30 
35 
37 
39 
40 
41 
44 
47 
49 
50 
Average. 


ee. 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 


-& 


1.27 
1.24 
1.34 
1.16 
1.07 
1.42 
1.14 
1.50 
1.22 
1.20 
1.26 


i 

9 
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9 


|1 


M 

a 

I 


Gm.  per  100  cc.  fluid. 


0.76 

0.04 

0.80 

0.46 

0.79 

0.03 

0.82 

0.42 

0.73 

0.05 

0.78 

0.56 

0.78 

0.05 

0.83 

0.33 

0.72 

0.04 

0.76 

0.31 

0.84 

0.04 

0.88 

0.54 

0.79 

0.03 

0.82 

0.32 

0.76 

0  04 

0.79 

0.70 

O.SO 

0.04 

0.84 

0.38' 

0.85 

0  04 

O.W 

0.30 

0.78 

0.04 

0.82 

0.44 

Remarks. 


Mixed  with  a  little  me- 
conium. 
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Quantitative  Determination  of  Inorganic  Components. 

The  soluble  ash  was  dissolved  in  water:  chlorine,  sulfuric  acid, 
phosphoric  acid,  potassium,  sodium,  calcium,  and  magnesium 
were  determined.  The  insoluble  ash  was  dissolved  in  hydrochloric 
acid,  then  diluted  with  water,  and  used  for  the  determinations 
of  sulfuric  acid,  phosphoric  acid,  calcium,  and  magnesium. 

Chlorine  was  precipitated  and  weighed  as  silver  chloride.  Sulfuric  acid 
was  precipitated  as  barium  sulfate.  Phosphoric  acid  was  determined  in 
the  aqueous  solution  or  hydrochloric  acid  solution  by  Neumann's  (9) 
method. 

Pot<U8ium  and  Sodium. — Phosphoric  acid  and  sulfuric  acid  were  removed 
as  insoluble  barium  salts;  ammonium  carbonate  solution  and  ammonia 
were  added  to  the  filtrate  to  precipitate  the  excess  barium;  the  filtrate  was 
evaporated  after  adding  a  drop  of  hydrochloric  acid;  the  ammonium  carbo- 
nate and  ammonium  chloride  were  removed  by  heating,  and  the  residue 
was  weighed  as  total  alkali  chlorides.  The  quantity  of  potassium  in  these 
alkali  chlorides  was  determined  as  potassium  platinic  chloride,  and  the 
(;uantity  of  sodium  determined  by  difference. 

Calcium. — ^The  aqueous  or  hydrochloric  acid  solution  was  treated  with 
liquid  ammonia  till  it  reacted  strongly  alkaline;  it  was  then  made  acid  with 
acetic  acid,  and  the  precipitate  of  iron  salts  filtered.  The  filtrate  was 
warmed  on  a  water  bath  and,  after  addition  of  ammonium  oxalate  solution, 
was  further  warmed  until  the  calcium  oxalate  was  entirely  precipitated. 
The  precipitate  of  calcium  oxalate  was  heated  and  weighed  as  calcium 
oxide. 

Magnesium. — The  filtrate  from  the  calcium  oxalate  was  concentrated, 
ammonia  added  till  it  reacted  strongly  alkaline,  and  sodium  citrate  and 
sodium  phosphate  were  added.  The  precipitate  of  calcium  magnesium 
phosphate  was  converted  into  magnesium  pyrophosphate  and  weighed. 

Iron  was  determined  by  Neumann's  (10)  method. 

A  preliminary  qualitative  analysis  indicated  the  presence  in  the 
soluble  ash  of  anmiotic  fluid  of  chlorine,  sulfuric  acid,  phosphoric 
acid,  Na,  K,  Ca,  and  Mg,  and  in  the  insoluble  ash  of  carbonic 
acid,  sulfuric  acid,  phosphoric  acid,  Ca,  Mg,  and  Fe. 

The  200  cc.  of  amniotic  fluid  examined  in  Table  IV,  and  those  in 
Tables  V  and  VI  were  quantitatively  analyzed,  with  results  as 
shown  in  Table  VII. 

For  a  fourth  sample,  10,  20,  and  170  cc.  of  amniotic  fluid  were  taken  re- 
spectively from  three  women— 200  cc.  in  all—    and  for  a  fifth  sample,  60, 
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TABLE  VII. 


CI 

NaCl* 

so,... 

S 

P,06.  . 

P 

NaaO. 

Na.... 

K,0.. 

K 

CaO.. 
Ca.... 
MgO.. 
Mg... 


Amniotic  fluid  (200  co.) 
(Table  V). 


a 


CO 


gm. 

0.7313 

0.1056 
0.0422 
0.004S 

0.7531 
0.6587 
0.0489 
0.0408 
0.0030 
0.0021 

Trace. 

it 


as 


gm. 

0 

Trace, 
ti 

0.0082 

0 

0 

0 

0 

0.0314 
0.0224 
0.0008 
0.0004 


B 

3  to 


gm. 


0 

1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


ti 

8 


7313 

2050 

10560 

0422'o 

01300 

00560 

75310 

5587  0 

0489  0 

04080 

0344  0 


Amniotic  fluid  (200  oc.) 
(Table  VI). 


0 


gm. 

3656 
.6025 
0528 
0211 
.0065 
.0028|0 
3765  0 
2793  0 
.02440 
.02040 


gm. 

.7377 


0.1490 


0 


0245 
0008 
0004 


0172 
0122 
0004 
0002 


0027 
0011 
7661 
5685 
0464 
0385 
0024 
0017 
0010 
0006 


as 

9  M 

2fe 


gm. 

0 
Trace. 


0094 
0041 

0 

0 

0 

0 

0302 
0215 
0002 
0001 


S 


15 


gm. 

.7377 
.2154 
.1490 
.0596 
.0121 
.0052 
.7661 
.5685 
.0464 
.0385 
.0326 
.0232'0 
0012  0 


8 
8 


0007 


0 


gm. 

.3688 
.6077 
.0745 
.0298 
.0060 
.0026 
.3830 
.2842 
.0232 
.0192 
.0163 
.0116 
.0006 
.0003 


*  The  quantity  of  NaCl  was  calculated  from  the  quantity  of  CI. 

40,  and  100  cc.  were  taken.  After  complete  evaporation  and  conversion 
into  ash,  quantitative  analyses  were  performed,  with  results  as  in  Table 
VIII. 

Examining  the  above  figures,  we  find  that  the  only  marked 
variation  is  in  the  amount  of  sulfuric  acid. 

To  find  the  relations  of  the  albumins  in  amniotic  fluid  to  sul- 
furic acid  and  other  ash,  400  cc.  of  the  fluid  obtained  from  four- 
teen cases  were  divided  into  two  equal  parts.  The  one  part  (A) 
was  dried,  ashed,  dissolved  in  water,  and  diluted  up  to  200  cc, 
of  which  20  cc.  were  used  for  the  quantitative  determination  of 
sulfuric  acid,  50  cc.  for  phosphoric  acid,  and  130  cc.  for  Ca  and 
Mg.  The  other  part  (B)  was  diluted  with  nine  volumes  of  water, 
and  the  albumins  were  entirely  precipitated  with  conunon  salt 
and  colloidal  ferric  hydroxide  according  to  Rona  and  Michaelis 
(11)  and  Opplcr  and  Rona.  The  precipitate  was  mixed  with  500 
cc.  of  water  and  filtered;  this  treatment  was  repeated  two  more 
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TABLE  VIII. 


I. 

Amniotic  fluid  (200  oo. 

). 

n.  Amniotic  fluid 
(200  CO.). 

•s's 

i! 

n 

Is 

1^ 

• 
• 

4 

• 

8 

H 

•< 

• 

1 

• 

S 

1- 

CI 

gm. 

0.7486 

0.0661 

0.0042 
0.0018 
0.7729 
0.5737 
0.0444 
0.0372 

gm. 

0 

0.0027 

0.0112 
0.0048 

0 

0 

0 

0 

gm. 

0.7486 
1.2336 
0.0688 
0.0274 
0.0154 
0.0066 
0.7729 
0.5737 
0.0444 
0.0372 

gm. 

0.3743 
0.6168 
0.0344 
0.0137 
0.0077 
0.0033 
0.3864 
0.2868 
0.0222 
0.0186 

gm. 

0.0576 

0.0130 
0.0056 

0.0321 
0.0229 
0.0019 
0.0012 

gm. 

NaCl 

SO, 

0.0288 

S 

0.0115 

PjOs 

0.0065 

P 

0.0028 

NaiO 

Na 

K,0 

K 

CaO 

0.0160 

Ca 

0.0114 

MgO 

0.0009 

Mg 

0.0006 

*      o 

times.  The  filtrates  were  then  combined,  evaporated,  after  the 
addition  of  a  little  acetic  acid,  ashed,  and  analyzed.  In  the  sec- 
ond part  (B)  the  amount  of  sulfuric  acid  evidently  was  decreased, 
and  the  quantity  of  magnesium  also  a  little  diminished.  From 
these  facts  we  may  conclude  that  a  part  of  the  sulfuric  acid  in 
the  ash  of  amniotic  fluid  is  produced  from  the  sulfur  of  albumins. 

TABLE  IX. 


SO,.. 
8.... 
•  P,0.. 
P.... 
CaO. 
Ca... 
MgO 
Mg.. 


Amniotic 

fluid 

(200  00.) 

(A). 


gm. 

0.0518 
0.0142 
0.0252 
0.0008 


A«h 

per  100  CO. 

fluid. 


gm. 

0.0259 
0.0103 
0.0071 
0.0030 
0.0126 
0.0090 
0.0004 
0.0002 


Amniotic 

fluid 

(200  CO.) 

(B). 


gm. 

0.0227 


0.0268 
0.0002 


Ash 

per  100  CO. 

fluid. 


gm. 

0.0113 
0.0045 


0.0134 
0.0096 
0.0001 
Trace. 
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Amniotic  Fluid 


To  discover  the  relations  of  the  phosphoric  acid  in  the  ash  of 
amniotic  fluid  to  albumins  and  other  organic  substances  in  the 
Uquor,  samples  of  the  fluid  from  two  women  were  divided  into 
two  parts.  One  part  (A)  was  used  for  the  quantitative  determi- 
nation of  phosphoric  acid.  The  other  part  (B)  was  freed  from 
albumins  by  coagulation;  the  organic  phosphorus  substances 
were  removed  from  the  filtrate  by  extraction  with  ether,  and  the 
phosphoric  acid  was  determined  according  to  Neumann.  The 
two  results  were  nearly  identical. 


TABLE  X. 

I.  Amniotic  fluid  (80  cc). 

II.  Amniotic  fluid  (180  cc.). 

A  (40  CO.). 

^(40oc.). 

A  (60  CO.). 

B  (100 CO.). 

Gm.  per  100  cc.  fluid. 

Gm.  per  100  00.  fluid. 

PtOj 

0.0049 
0.0021 

0.0050 
0.0020 

0.0045 
0.0019 

0.0042 

p 

0.0018 

In  order  to  decide  whether  calcium  or  magnesium  combined 
with  albumins,  100  cc.  of  amniotic  fluid  from  two  cases  were  di- 
vided into  two  equal  parts;  one  part  (A)  was  used  for  the  quanti- 
tative determination  of  Ca  and  Mg;  the  other  part  (B)  was  freed 
from  albumins  with  colloidal  ferric  hydroxide,  and  used  for  the 
same  determination.  The  second  half  (B)  was  but  little  reduced 
in  the  quantity  of  Mg. 

TABLE  XI. 


CaO. 
Ca.. 
MgO 
Mg.. 


Amniotic  fluid  (100  cc). 


A  (50  CO.). 


gm. 

0.0082 
0.0058 
0.0002 
0.0001 


Gm. 

per  100  CC. 

fluid. 

0.0164 
0.0116 
0.0004 
0.0002 


B  (60  00.). 


gm. 

0.0077 
0.0055 
Trace. 


Gm. 

per  100  oe. 

fluid. 


0.0154 
0.0110 

Trace. 


a 


To  decide  whether  the  amniotic  fluid  contains  ether  sulfuric 
acid,  100  cc.  of  the  fluid  were  collected  from  four  cases,  the  albu- 
mins were  precipitated  with  colloidal  ferric  hydroxide,  and  filtered. 
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the  whole  volume  being  1,000  cc.  From  the  filtrate,  900  cc.  (cor- 
responding to  90  cc.  of  amniotic  fluid)  were  evaporated  to  85 
cc;  15  cc.  of  dilute  hydrochloric  acid  and  15  cc.  of  5  per  cent 
barium  chloride  solution  were  added,  and  barium  sulfate  was 
filtered.  The  weight  of  barium  sulfate  produced  here  represents 
the  inorganic  sulfuric  acid.  The  filtrate  of  barium  sulfate  was 
boiled  on  a  water  bath  until  the  newly  produced  bariimi  sulfate  was 
entirely  precipitated;  then  from  its  weight,  the  weight  of  ether 
sulfuric  acid  was  calculated,  as  shown  in  Table  XII. 


TABLE  XII. 


Inorganic  sulfuric  acid 

Ether 

Total  "         " 


Amniotic  fluid  (100  cc.)' 


gm. 

0.0279 
0.0006 
0.0285 


In  two  experiments  30  cc.  of  amniotic  fluid  from  two  cases  each, 
were  reduced  to  ash,  dissolved  in  hydrochloric  acid,  and  the  quan- 
tity of  iron  was  determined  by  Neumann's  method.  The  results 
are  given  in  Table  XIII. 


TABT.E  XII] 

[. 

Amniotic  fluid  (30  oo.). 

Amniotic  fluid  (30  cc.). 

gm. 

0.00248 
0.00709 

Gm. 

per  100  cc. 

fluid. 

gm. 

0.00266 
0.0076 

Gm. 

per  100  00. 

fluid. 

Fe 

0.0082 
0.0236 

0.0088 

FeiOk 

0.0253 

Furthermore,  in  one  case  each  of  the  5th,  6th,  8th,  and  9th 
months  of  pregnancy  the  quantity  of  sodium  chloride  was  deter- 
mined by  Volhard's  (12)  method  (Table  XIV). 

These  values  show  that  there  is  no  marked  difference  to  be 
found  in  the  quantity  of  sodium  chloride  at  different  periods  of 
pregnancy. 

Summary, — (1)  The  amniotic  fluid  of  women  at  the  end  of 
pregnancy  always  contains  CI,  carbonic  acid,  sulfuric  acid,  phos- 
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TABLE  XIV. 


No.  of 

CI 

NaCl 

Remarks. 

amniotic  fluid. 

Gm.  per  100  oe.  fluid. 

118 

0.3039 

0.65 

35th  week  of  pregnancy. 

123 

0.3636 

0.6 

Middle  of  8th  month,  still-born, 
weight  of  fetus,  1,800  gm.,  con- 
genital syphilis  (?). 

191 

0.3211 

0.53 

5th  month,  artificial  abortion  for 
consumption. 

227 

0.3039 

0.65 

Beginning  of  6th  month. 

phoric  acid,  Na,  K,  Ca,  Mg,  and  Fe.  (2)  The  amounts  of  CI, 
phosphoric  acid,  K,  Na,  Ca,  and  Fe  are  nearly  constant.  (3) 
The  greatest  part  of  the  inorganic  salts  is  sodium  chloride,  which 
averages  75.2  per  cent  of  the  total  ash.  (4)  A  part  of  the  sul- 
furic acid  in  the  ash  comes  from  the  sulfur  of  albumins  and  a 
very  small  part  comes  from  ether  sulfuric  acid.  Therefore,  the 
quantity  of  sulfuric  acid  in  the  ash  depends  on  the  quantity  of 
albumins.  (5)  The  average  quantities  of  the  inorganic  compon- 
ents are  shown  in  Table  XV. 

TABLE  XV. 


Amniotic  fluid  (100  cc). 


Inorganic  components. 


Water 

Solid  substances. . . 
Organic  substances 

Soluble  ash , 

Insoluble  ash 

Total  ash 

CI 

NaCl 

SO, 

S 

P»0, 


Average 
gm. 


09.4880 
1.2425 
0.4504 
0.7690 
0.0407 
0.8098 
0.3695 
0.6090 
0.0432 
0.0172 
0.0061 


Inorganic  components. 


P 

NajO 

Na... 

K2O.. 

K.... 

CaO. 

Ca... 

MgO. 

Mg... 

FeaO, 

Fe.... 


Average 
gm. 


0.0026 
0.3819 
0.2834 
0.0232 
0.0194 
0.0157 
0.0111 
0.0005 
0.0003 
0.0244 
0.0085 


D.  Uyeno  91 

d^Lactic  Acid  and  Sugars  in  Human  Amniotic  Fluid, 

d-Lactic  Acid, 

Zweifel  (13)  examined  the  urine  of  eclampsia  patients  and  found  an  in- 
crease of  ammonia  and  the  existence  of  (i-lactic  acid.  In  the  same  cases  he 
confirmed  the  existence  of  a  certain  quantity  of  d-lactic  acid  in  the  blood 
of  maternal  bodies,  the  blood  of  the  umbilical  cord,  and  the  placenta. 
Ten  Doeschate  (14)  also  states  that  in  eclampsia  cases  the  (i-lactic  acid  is 
always  present  in  the  blood  and  urine  of  maternal  bodies,  in  the  blood  of 
the  umbilical  cord,  and  in  the  placenta.  Because,  however,  in  one  case  of 
normal  confinement,  a  quantity  of  (i-lactic  acid  was  found  in  maternal 
blood  corresponding  to  0.029  per  cent  zinc  lactate,  in  placenta  correspond- 
ing to  0.119  per  cent  zinz  lactate.  Ten  Doeschate  concluded  that  Zweifers 
assertion  cannot  be  adequate,  i.e.,  the  d-lactic  acid  is  not  the  cause  of 
eclampsia,  but  the  convulsion  in  eclampsia  provokes  the  accumulation 
of  lactic  acid.  The  relations  between  lactic  acid  in  the  blood  and  urine 
and  obstetrical  diseases  were  the  subjects  of  the  foregoing  investigations; 
the  presence  of  lactic  acid  in  the  amniotic  fluid  is  examined  for  the  first 
time  in  the  following  experiments. 

Method, 

Amniotic  fluid  was  evaporated  on  a  water  bath  to  one-tenth  its  vol  ume 
then  poured  into  ten  parts  alcohol,  and  extracted.  The  alcoholic  extract 
was  concentrated,  the  residue  dissolved  in  a  small  quantity  of  water,  phos- 
phoric acid  added  until  the  solution  was  strongly  acid,  and  the  solution 
extracted  in  a  Suto  extraction  apparatus  with  ether  for  24  hours.  The 
brown  residue  from  the  ethereal  extract  was*  dissolved  in  water,  treated- 
with  freshly  prepared  lead  carbonate,  heated  on  a  water  bath  for  nearly 
30  minutes,  and  filtered.  The  filtrate  was  freed  from  lead  by  H2S,  the  HsS 
removed  by  vacuum  distillation,  zinc  oxide  added  to  the  condensed  solu- 
tion, the  mixture  boiled  on  a  water  bath  for  30  minutes,  and  filtered.  The 
filtrate  was  decolorized  by  blood  charcoal  and  the  clear  solution  thus  ob- 
tained was  evaporated  until  the  zinc  lactate  began  to  crystallize,  when  a 
little  alcohol  was  added.  As  the  white  crystals  of  zinc  lactate  were  not 
yet  quite  pure,  they  were  washed  several  times  with  absolute  alcohol,  dis- 
solved in  a  small  quantity  of  hot  water  and  brought  again  to  crystallization. 

It  was  then  assured  that  the  white  crystals  thus  prepared  were 
no  othier  than  those  of  zinc  d-lactate  by  (1)  examination  of  crystal 
shape,  (2)  Uffehnann's  reaction,  (3)  Fletcher  and  Hopkins'  reac- 
tion, (4)  measurement  of  the  specific  rotation,  (5)  quantitative 
determination  of  the  water  of  crystallization,  (6)  elementary 
analysis. 
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Experiment  1. — 1,000  cc.  of  clean  amniotic  fluid  collected  from  fourteen 
healthy  women  in  labor,  were  treated  as  above,  giving  0.9  gm.  of  zinc  salt, 
colorless  needles,  or  rhombic  prisms,  giving  a  positive  Uffelmann's  reaction 
and  Fletcher  and  Hopkins'  reaction. 

^"J°         2.506  X  2    ~      ^-^  ■ 

0.3359  gm.  salt  lost  0.0433  gm.  H3O  on  drying  at  110°  to  constant  weight. 

0.2045    "    dry  salt  gave  0.0679  gm.  ZnO. 

0.0768    "      "       "      "     0.0834    "    CO,  and  0.027  gm.  H,0. 

Experiment  t. — 1,000  cc.  of  yellowish  green  amniotic  fluid  collected  from 
twenty  cases  and  mixed  with  a  small  quantity  of  meconium,  gave  1  gm. 
of  zinc  salt. 


W 


2«« 
D 


-  0.58  X  100 
3.646  X  2 


=  -  7.95^ 


0.1567  gm.  salt  lost  0.0204  gm.  HaO. 

0.211      "    dry  salt  gave  0.0707  gm.  ZnO. 

Experiment  5. — 2,000  cc.  of  amniotic  fluid  obtained  from  a  case  of  acute 
hydramnios  at  the  end  of  the  8th  month  of  pregnancy,  gave  1.917  gm.  of 
2inc  salt. 

..^-o^xwo_ 

^   ■'°  4.084X2 

0.5143  gm.  salt  lost  0.0668  gm.  H3O. 

0.112      ''    dry  salt  gave  0.0374  gm.  ZnO. 

0.2054    "     "        "      "     0.073  gm.  H,0  and  0.2187  CO,. 


From  the  foregoing  results  it  is  possible  to  conclude  that  d- 
lactic  acid  is  a  constant  component  of  human  amniotic  fluid. 


TABLE  XVI. 


Zinc  salt  prepared  from  human  amniotic  fluid. 

Zinc 
tf-lactata. 

Experiment. 

1 

2 

3 

Crystals. 

Needle-shaped  01 

■  rhombic  prisms. 

Specific  rotation  y^\^ 

-7.W 

-7.95* 

-8.0S* 

-8.6* 

Water  of  crvstallization 

per  cent 

12.89 

26.65 

29.62 

3.86 

per  cent 

13.01 
26.91 

per  cent 

12.98 

26.83 

29.71 

3.95 

per  cent 
12.86 

Zn 

26.86 

C 

29.54 

H 

4.13 
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QuanHttUive  Determination  of  the  d-Laciic  Add  in  Human  Amniotie 
Fluid. 


According  to  Yoahikawa's  (15)  method,  a  known  quantity  of  amniotic 
fluid,  after  filtering  and  centrifuging,  was  evaporated  on  a  water  bath, 
extracted  with  about  ten  parta  of  alcohol,  and  filtered.  The  sediment  was 
washed  several  times  with  alcohol,  the  wash  alcohol  and  the  alcoholic  ex- 
tract were  combined  and  concentrated,  the  residue  was  dissolved  in  water 
made  strongly  acid  by  the  addition  of  phosphoric  acid,  and  extracted  in  a 
Suto  extraction  apparatus  with  ether  for  72  hours.  The  residue  of  the 
ethereal  extract  was  dissolved  in  water,  lithium  carbonate  added,  aivd  the 
mixture  heated  on  a  water  bath  for  a  half  hour  and  filtered.  After  decolor- 
ising with  blood  charcoal,  the  solution  was  evaporated  ajid  made  up  to  20 
ec.  From  the  observed  rotatory  angle  the  amount  of  lithium  d-lactate  of 
d-lactic  acid  in  the  amniotic  fluid  was  calculated. 

With  the  same  method,  li-lactic  acid  was  determined  in  ten 
cases  which  varied  from  0.1355  per  cent  to  0.0336,  with  an  average 
of  0.0726  per  cent. 

TABLE  xvn. 


„^;^. 

1 

ii 

Rotary  uifle 

.fciSM 

-s" 

litht™ 

Gm. 

Ramukg. 

■31 

V 

iBsUtg. 

pgrllN 

ii 

t- 

fl^d. 

cr. 

•c. 

pm. 

am. 

I 

63 

60 

12 

-0-03^ 

0,02098 

0.02017 

0,0336 

End      of       lOth 

month,  mixed 
with  a  little 
meconium. 

II 

02 

60 

12 

-0.050° 

0.03506 

0.03371 

0.05G1 

lOth  month. 

III 

95 

60 

12 

-0.035° 

0.02469 

0,02374 

0.0395 

10th      " 

IV 

96 

120 

12 

-0.100° 

0.07012 

0.06742 

0  0561 

10th       " 

V 

97 

120 

12 

-0.130° 

0.09134 

0  0S782 

0-0761 

lOth      " 

VI 

98 

60 

12 

-0.055' 

0,03850 

0-03700 

0,0617 

Mixed  with  me- 
conium, lOth 

VII 

lis 

100 

25 

-0-100° 

0,07010 

0-00740 

0.06-4 

lOth  month. 

VIII 

118 

100 

25 

-0.190° 

0,13407 

0.12890 

0,1289 

33th  week  of 
pregnancy. 

IX 

122 

100 

25 

-0.110° 

0  07720 

0  07430 

0.0743 

loth  month. 

X 

128 

100 

25 

-0,200° 

0,14000 

0.13.')M 

0.1355 

lOth       " 

.Average 

0.0726 
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Sugars. 

Giirber  and  Griinbaum  (16)  found  some  fruit  sugar  in  the  amniotic 
fluid  of  cows,  sheep,  and  swine,  but  could  not  find  even  a  trace  of  sugars  in 
the  fluid  of  ten  women  examined  in  the  same  way.  Gninbaum  (17)  states 
that  the  amniotic  fluid  of  cats  and  dogs  is  free  from  fruit  sugar.  However, 
Ludwig  (18)  found  0.3  gm.  of  sugar  in  4,000  cc.  of  amniotic  fluid  obtained 
by  artificial  puncture  of  fetal  membranes  of  a  diabetes  patient,  whose  urine 
contained  about  3.8  per  cent  sugar. 

In  order  to  decide  whether  human  amniotic  fluid  is  surely  free 
from  sugars,  an  aqueous  solution,  after  being  freed  from  lactic 
acid,  was  neutralized  with  calcium  carbonate,  and  filtered.  The 
voluminous  precipitate  of  calcium  phosphate  was  then  mixed 
with  water  in  a  porcelain  mortar  and  filtered  again  by  suction. 
The  filtrates  were  combined  and  concentrated  to  100  cc.  and 
used  for  the  following  examinations:  Trommer's  and  Nylander's 
reactions  were  negative;  the  phenylhydrazine  reaction  was  nega- 
tive; and  finally,  the  solution  was  optically  inactive.  The  results, 
therefore,  of  these  experiments  confirm  the  statements  of  Giirber 
and  Qriinbaum  that  sugars  are  not  a  constant  component  of 
human  amniotic  fluid. 

Summary. — (1)  The  d-lactic  acid  is  a  constant  component  of 
human  amniotic  fluid  and  amounts  to  0.0726  per  cent  on  an  aver- 
age.    (2)  Sugars  are  not  to  be  found  in  human  amniotic  fluid. 

Allantoin  aiid  Organic  Bases  in  Human  Amniotic  Fluid. 

According  to  Gusserow  and  Hermann,  the  urine  of  healthy  bodies  always 
contains  a  small  quantity  of  allantoin,  while  the  urine  of  pregnant  women 
contains  more.  Wiechowski  (19),  however,  states  that  he  could  find  no 
allantoin  in  human  urine,  in  200  cc.  of  urine  of  a  IJ  months  old  suckling 
baby,  nor  in  the  urine  of  a  new-born  child  at  its  first  day;  furthermore, 
allantoin  was  absent  in  the  amniotic  fluid  of  two  pregnant  women.  It  is 
still  an  open  question  whether  allantoin  b  a  component  of  human  amniotic 
fluid;  the  amino-acids  or  organic  bases  of  human  amniotic  fluid  have  not 
been  investigated. 

In  the  present  investigation,  3,064  cc.  of  amniotic  fluid  were  precipitated 
with  basic  lead  acetate  and  filtered.  The  filtrate  was  freed  from  lead,  con- 
centrated in  vacuo  at  50°  to  about  150  cc,  and  filtered.  The  filtrate  was 
diluted  with  water  to  200  cc,  concentrated  sulfuric  acid  added  until  the 
latter  amounted  to  5  per  cent  in  volume,  ancf  the  solution  filtered.  The 
filtrate  was  treated  with  20  per  cent  phosphotungstic  acid  solution  and, 
after  standing  for  a  night,  filtered,  giving  a  reddish  white  precipitate  (A), 
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used  to  test  for  organic  bases,  and  a  filtrate  (B),  used  to  test  for  amino-acids 
and  allantoin. 

Organic  Bases. — The  precipitate  (A)  was  washed  several  times  with  5 
per  cent  sulfuric  acid,  then  mixed  with  barium  hydroxide  in  a  porcelain 
mortar,  and  diluted  with  water.  Carbon  dioxide  was  passed  into  this 
mixture,  the  barium  carbonate  filtered,  and  the  filtrate  distilled  in  vacuo 
to  50  cc;  addition  of  dilute  nitric  acid  and  silver  nitrate  gave  a  small 
quantity  of  brown  precipitate  (I),  purine  bases,  and  a  filtrate  (II). 

Purine  Bases, — Precipitate  I  gave  a  negative  test  for  purine  bases. 

Hexone  Bases  andCholine, — Filtrate  II  was  divided  into  two  portions  with 
silver  nitrate  and  barium  hydroxide;  the  resulting  precipitate  (III)  was 
washed  several  times  with  dilute  barium  hydroxide  and  used  for  the  prep- 
aration of  histidine  and  arginine,  while  the  filtrate  (IV)  was  used  to  test 
for  choline  and  lysine.  Using  the  ordinary  tests  and  methods  of  separa- 
tion, histidine  was  demonstrated  by  a  positive  Paulydiazo  reaction;  a 
picrate  was  obtained  as  fine  yellow,  silken  needles,  where  one  would  expect 
to  find  arginine,  but  its  melting  point  was  182°.  Lysine  was  isolated  as  the 
picrate,  orange-yellow  needles,  melting  at  252''.    Choline  was  absent. 

Allantoin. — ^Allantoin  was  isolated  from  filtrate  B  according  to  Wie- 
chowski  (20).  (The  filtrate  from  the  mercury  acetate  was  used  to  prove 
the  presence  of  amino-acids.)  The  material  obtained  from  the  mercury 
acetate  gave  a  positive  Eppinger  (^1)  glyoxylic  acid  reaction,  and* gave 
oxalic  acid  when  heated  with  15  per  cent  sodium  hydroxide  (Salkowski,  22). 
Thus,  while  pure  crystals  of  allantoin  could  not  be  isolated,  a  very  small 
quantity  of  allantoin  probably  is  to  be  foimd  in  human  amniotic  fluid. 

Amino'Acids, — The  filtrate  from  the  mercury  acetate-allantoin  precipi- 
tate was  freed  of  Hg  and  found  to  contain  0.3  gm.  N.  The  presence  of 
amino-acids  was  tested  for  according  to  Ignatowski  (23),  but  with  nega- 
tive results. 

Summary. — The  results  of  the  experiment,  which  was  performed 
with  3,000  cc.  of  amniotic  fluid  are  as  follows:  (1)  Neither  purine 
bases,  choline,  nor  monoamino-acids  are  to  be  found  in  amniotic 
fluid.  (2)  Histidine,  lysine,  and  allantoin  are  all  present  in 
very  small  quantity.  (3)  The  existence  of  arginine  is  still 
undecided. 

Albumins,  Urea,  Uric  Add,  Creatine,  and  Cholesterol  in  Human 

Amniotic  Fluid. 

Albumins. 

Koettnitz  (24)  found  propeptone  in  the  amniotic  fluid  in  two 
cases  in  pregnancy  of  21  and  2J  months,  respectively;  peptone 
and  propeptqne  in  four  cases  in  the  10th  month,  and  peptone 
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alone  in  one  case  in  the  10th  month;  from  these  facts  he  concluded 
that  the  amniotic  fluid  is  used  as  nourishment  for  the  fetus  at 
the  beginning  of  pregnancy,  and  has  the  same  use,  though  in 
much  less  degree,  at  the  end  of  pregnancy.  Weyl  (25)  confirmed 
the  presence  of  mucin  in  the  amniotic  fluid  of  two  women  in 
hydramnios  and  determined  the  quantities  as  0.1  and  0.2  per 
cent. 

Experiment  1, — 37  cc.  of  amniotic  fluid  were  centrifuged,  filtered  by  suc- 
tion, treated  with  an  equal  volume  of  a  saturated  solution  of  ammonium 
sulfate,  and  filtered  after  standing  over  night.  The  filtrate  heated  on  a 
water  bath,  gave  a  heavy  precipitate;  the  filtrate  of  this  precipitate  gave 
no  biuret  reaction.  The  precipitate,  obtained  by  the  addition  of  ammon- 
ium sulfate  solution,  was  washed  several  times  with  a  half  saturated  solu- 
tion of  ammonium  sulfate,  until  its  filtrate  gave  no  more  albimnin  reactions; 
when  dissolved  in  a  small  quantity  of  water  and  heated  on  a  water  bath  at 
more  than  70**,  the  solution  became  white  and  cloudy;  when  boiled  and  fil- 
tered, the  transparent  filtrate  showed  a  very  w^eak  biuret  reaction. 

Experiment  B. — 60  cc.  of  nearly  clear  and  yellowish  amniotic  fluid  were 
diluted  with  an  equal  volume  of  water  and  filtered  by  suction.  When 
mixed  with  a  few  drops  of  acetic  acid,  the  filtrate  showed  a  white  cloudineas, 
which  could  not  be  redissolved  by  the  addition  of  excess  acetic  acid.  After 
standing  over  night,  the  slight  precipitate  was  filtered  and  washed  with 
very  dilute  acetic  acid.  The  precipitate,  boiled  with  dilute  sulfuric  acid, 
gave  a  solution  with  positive  Trommer's  reaction.  The  filtrate  of  the  pre- 
cipitate produced  by  the  addition  of  acetic  acid  was  neutralized  with  sod- 
ium carbonate,  and  upon  adding  an  equal  volume  of  a  saturated  solution 
of  ammonium  sulfate,  gave  a  cloudiness.  The  filtrate  was  heated  on  a 
water  bath  and  filtered  from  the  coagulated  albumins,  but  thi/s  filtrate  gave 
no  sign  of  biuret  reaction. 

The  precipitate  produced  by  the  addition  of  ammonium  sulfate  was 
washed  with  a  half  saturated  solution  of  ammonium  sulfate,  dissolved  in  a 
small  quantity  of  water  and  heated  on  a  water  bath  at  more  than  70"  whan 
the  solution  became  white  and  cloudy.  When  boiled  and  filtered,  the  trans- 
parent filtrate  still  showed  a  very  weak  biuret  reaction. 

Experiment  S. — According  to  Hohlweg  and  Meyer  (26),  a  mixture  of  a 
volume  of  1  per  cent  acetic  acid  with  an  equal  volume  of  5  per  cent  mono- 
potassium  phosphate  solution  was  added  to  80  cc.  of  amniotic  fluid  until  it 
reacted  acid  against  Congo  red  f)aper,  but  neutral  against  Utmus  paper; 
then  an  er]ual  volume  of  a  saturated  sodium  chloride  solution  was  added; 
this  mixture  was  boiled  on  a  water  bath  to  coagulate  the  albumins,  and 
filtered.    The  filtrate  obtained  thus  gave  no  biuret  reaction. 

In  Experiment  2,  the  appearance  of  the  glucoprotein,  which 
was  produced  by  the  addition  of  acetic  acid  and  was  not  soluble 
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in  exc€^  acetic  acid,  confirmed  the  existence  of  mucin  in  anmiotie 
fluid;  Experiment  .1  demonstrated  that  albimiin  and  a  little  glob- 
ulin were  present  in  amniotic  fluid,  but  that  no  peptones  were 
present.  Experiment  3  also  demonstrated  that  peptones  were 
absent.  But  whether  the  very  weak  biuret  reaction  in  the  fil- 
trate of  the  coagulable  albumins  in  Experiments  1  to  3  was  due 
to  the  presence  of  albumoses  could  not  be  determined. 

Qiumtitative  Determination  of  Coagvlable  Albumins. 

Proohownick  (1)  found  0.71  to  0.06  per  cent  coagulable  albumins  in  the 
amniotic  fluid  of  eleven  women;  Ahlfeld  (27)  states  that  the  amniotic  fluid 
of  seyen  out  of  twenty  women  contained  25  to  50  volume  per  cent  albumins, 
and  from  this  fact  he  argued  that  amniotic  fluid  must  be  a  nourishment  for 
the  fetus;  however,  his  argument  is  not  adequate  as  the  following  results  of 
other  authors  indicate.  According  to  Schroeder  (2),  the  amount  of  albu- 
mins in  the  amniotic  fluid  stands  in  a  close  relation  t6  the  quantity  of  hemo- 
globin in  the  maternal  blood;  in  50  cases  it  amounted  to  O.T)3  to  0.308  per 
cent.  In  the  mature  fetus,  it  averaged  0.1681  per  cent,  and  0.1578  per  cent 
in  the  immature  fetus.  In  Doderlein's  (6)  experiments  with  fifteen  cows, 
the  quantity  of  albumins  in  the  amniotic  fluid  amounted  to  0.042  to  0.455 
per  cent ;  it  increased  gradually  as  the  pregnancy  proceeded.  Jacqu^  found 
0.023  to  0.058  per  cent  albumins  in  the  amniotic  fluid  of  the  sheep  fetus, 
when  less  than  14  cm.  in  length,  and  0.1  per  cent  albumins  when  over  30 
cm.  in  length. 

In  the  present  experiments,  human  amniotic  fluid  was  first  fil- 
tered through  fourfold  gauze,  then  centrifuged,  and  filtered  by 
suction.  Thus  prepared,  the  fluid  was  diluted  with  three  parts 
of  water,  sodium  chloride  added  to  make  1  per  cent,  the  solution 
made  weakly  acid  with  1  per  cent  acetic  acid,  and  boiled  on  a 
water  bath.  This  completely  coagulated  the  albumins  which 
were  filtered  through  a  tared  ashless  filter,  washed  with  warm 
water,  then  with  alcohol,  and  finally  with  ether.  Thus  treated, 
the  albumins  were  dried  on  the  filter  at  110°  and  weighed.  Since 
the  coagulated  albumins  thus  obtained  usually  contained  more  or 
less  ash,  this  ash  was  determined,  and  from  it  the  weight  of  pure 
coagulable  albumins  calculated.  The  value  obtained  by  the 
above  method  is  the  sum  of  the  albumin,  globulin,  and  mucin, 
but  this  may  be  considered  coagulable  albumins  in  a  narrow  sense, 
since  the  quantity  of  mucin  in  the  amniotic  fluid  is  very  small. 

The  quantity  of  the  coagulable  albumins  in  the  amniotic  fluid 
of  fifteen  women  at  the  end  of  pregnancy  varied  from  0.092  to 
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0.421  per  cent,  with  an  average  of  0.226  per  cent.  In  two  cases 
of  the  5th  and  6th  months  of  pregnancy,  respectively,  the  amount 
of  coagulable  albumins  is  not  markedly  different  from  the  amount 
at  the  end  of  pregnancy.  The  results  of  these  experiments  are 
shown  in  Table  XVIII. 

TABLE  XVIII. 


VT-^       ^t 

No.  of 

amniotic 

fluid. 

Quantity 

of  amniotic 

fluid. 

Coaculable  albumin. 

No.  of 
experiment. 

Gm. 

per  100  CO. 

fluid. 

ee. 

gm. 

1 

83 

10 

0.0421 

0.421 

2 

85 

5 

0.0149 

0.299 

3 

86 

10 

0.0160 

0.160 

4 

87 

'     10 

0.0229 

0.229 

5 

89 

10 

0.0277 

0.277 

6 

90 

10 

0.0259 

0.259 

7 

91 

10 

0.0149 

0.149 

8 

92 

0.0046 

0.092 

9 

95 

10 

0.0215 

0.215 

10 

96 

10 

0.0352 

0.352 

11 

97 

10 

0.0115 

0.115 

12 

104 

10 

0.0131 

0.131 

13 

106 

10 

0.0190 

0.190 

14 

114 

10 

0.0265 

0.265 

15 

115 

10 

6.0238 

0.238 

Average. 

0.226 

16 

191 

10 

0.0384 

0.384 

5tli     month,     artificial 
abortion  for  consump- 
tion. 

17 

227 

10 

0.0416 

0.416 

Beginning  of  6th  month. 

Quantitative  Determination  of  Urea  and  Distribution  of  Nitrogen. 

Although  Scherer,  Mack,  and  Calberg  denied  the  existence  of  urea  in  the 
amniotic  fluid,  Woeler  discovered  it  by  exact  investigation.  Later,  other 
Investigators  have  given  the  following  values:  Funke,  0.38  per  cent;  Leti- 
mann,  0.05  per  cent;  Majewski,  0.34  to  0.42  per  cent;  Beale  (28),  0.35per 
cent;  Siewert  (29),  0.0352  per  cent;  Winckel  (30),  0.086  to  0.42  per  cent; 
Gusserow  (31)  0.14  to  0.35  per  cent.  Prochownick  (7)  determined  the  quan- 
tity of  urea  as  nitric  urea  in  two  cases  in  the  first  half  of  pregnancy  and  also 
!  in  eleven  cases  at  the  end  of  pregnancy,  and  found  0.0155  to  0.034  per  cent; 
since  the  amount  of  urea  was  small  at  the  beginning  and  greater  at  the  end 
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of  pregnancy,  he  concluded  that  urea  in  the  amniotic  fluid  is  secreted  from 
the  skin  and  the  kidneys  of  the  fetus,  and  that  the  fluid  itself  is  a  product 
of  the  fetus.  Schondorff  (32)  stated  that  the  amount  of  urea  in  the  amni- 
otic fluid  (0.0611  per  cent)  is  about  the  same  as  that  in  the  blood  and  the 
milk. 

In  the  present  investigations,  the  ammonia  was  determined  by 
the  method  of  Brugseh  and  Schittenhehn  (33);  MarshalFs 
(34)  method  was  used  for  the  determination  of  urea,  and  Kjel- 
dahPs  for  the  total  nitrogen.  The  albumin  N  was  determined  in 
the  precipitate  obtained  with  colloidal  ferric  hydroxide.  The 
amount  of  ammonia  varied  from  0.0051  to  0.0013  per  cent,  with 

TABLE  XIX. 


No.  of 

tBperiment. 

No.  of  Am- 
niotic fluid. 

• 

•a 

1 

s 

< 

• 

1 

• 

3 

• 
G 

s 

9 
< 

• 

8 

• 

• 

Z 

'c 

O 

a 
a 

< 

• 

Z 

1 

• 

z 

M 

'e 
*5 

& 

Remarks. 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

1 

112 

0.0040 

0.0276 

Mixed 
with 
meco- 
nium. 

2 

113 

0.0023 

0.0570 

• 

3 

115 

0.0015 

0.0519 

4 

117 

0.0023 

0.0666 

Mixed 
with 
meco- 
nium. 

5 

122 

0.0017 

0.0504 

6 

132 

0.0013 

0.0297 

7 

143 

0.0044 

0.0204 

Twins. 

8 

211 

0.0028 

9 

219 

0.0051 

10 

227 

0.0017 

0.0195 

0.1036 

0.0868 

0.0168 

0.0014 

0.0091 

0.0063 

11 

232 

0.00340.0300 

12 

237 

0. 0051  jO.  0180 

0.05880.0441 

0.0147 

0.0042 

0.0084 

0.0021 

13 

243 

0.0025  0.0195 

0.0518  0.0336 

0.0182 

0.0021 

0.0091 

0.0070 

14 

247 

0.00340.0255 

15 

248 

0.0029  0.0187 

0.0770 

0.0635 

0.0135 

0.0024 

0.0087 

0.0024 

16 

250 

0.0029  0.0174 

0.0840 

0.0672 

0.0165 

0.0024 

0.0061 

0.0083 

Average. 

0.0029 

0.0323 

0.0750 

0.0590 

0.0159  0.0025 

0.0083 

0.0052 

*  The  ammonia  N  corresponds  to  15.7  per  cent  of  the  so  called  rest  N,  and 
the  urea  X  corresponds  to  52.2  per  cent  of  the  rest  N. 
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an  average  of  0.0029  per  cent;  the  urea  varied  from  0.0666  to 
0.0174  per  cent,  with  an  average  of  0.0323  per  cent.  Five  experi- 
ments on  the  distribution  of  N  gave  average  values  of:  albumin  N, 
0.059  per  cent;  rest  N,  0.0159  per  cent;  ammonia  N,  0.0025  per 
cent;  urea  N,  0.0083  per  cent.  These  results  are  seen  in  Table 
XIX. 

Uric  Acid. 

653  cc.  of  amniotic  fluid  were  freed  from  coagulable  albumins 
by  boiling  with  dilute  acetic  acid,  and  then  by  adding  5  per  cent 
monopotassium  phosphate  solution  and  boiling.  The  filtrate  was 
then  tested  for  uric  acid  by  Schroeder's  (35)  method.  The  result- 
ing silver  compoimd  was  freed  from  silver,  the  residue  extracted 
with  a  dilute  sodium  carbonate  solution,,  the  solution  treated 
with  acetic  acid,  and  evaporated.  After  a  day,  some  amorphous 
reddish  sediment  separated;  this  was  insoluble  in  cold  water,  but 
easily  dissolved  upon  warming  and  separated  again  upon  cooling. 
A  part  of  this  sediment  gave  a  marked  murexide  reaction,  but 
there  was  not  enough  for  an  elementary  analysis.  A  second 
experiment  gave  negative  results.  Uric  acid  in  small  quantity  is 
contained  in  the  amniotic  fluid  during  confinement. 

Creatine  and  Creatinine. 

Conner  (36)  states  that  creatine  and  creatinine  should  be 
contained  in  the  amniotic  fluid,  but  that  they  have  not  been  se- 
cured experimentally. 

In  one  experiment,  the  filtrate  from  the  uric  acid  precipitate 
(silver  and  magnesia)  was  freed  from  silver  by  hydrochloric  and 
nitric  acids  and  used  for  the  preparation  of  creatine  according  to 
Neubauer  and  Salkowski's  (37)  method,  with  negative  results, 
neither  creatine  nor  creatinine  being  found.  In  another  experi- 
ment, 420  cc.  of  pure  amniotic  fluid,  treated  in  the  same  way, 
showed  the  presence  of  creatine  but  creatinine  was  absent.  Amni- 
otic fluid  during  confinement  contains  creatine  in  very  small 
quantity,  but  no  creatinine. 

Hippiiric  Acid. 

Until  the  present  experiments,  no  investigation  has  been  made 
for  hippuric  acid  as  a  component  of  the  amniotic  fluid. 
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526  cc.  of  amniotic  fluid  were  precipitated  with  lead  acetate, 
the  lead  in  the  filtrate  was  removed  with  Hj-S,  the  filtrate  con- 
centrated in  vacuo  to  a  syrup,  and  extracted  with  alcohol;  the 
residue  was  dissolved  in  a  small  quantity  of  hot  water,  acidified 
with  dilute  hydrochloric  acid  and  extracted  with  acetic  ether. 
This  extract  was  washed  with  water,  and,  upon  evaporation,  gave 
some  brown  residue  which  was  extracted  with  petroleum  ether. 
The  insoluble  part  contained  no  hippuric  acid;  two  other  similar 
experiments  were  likewise  negative.  Hippuric  acid  is  not  a  com- 
ponent of  human  amniotic  fluid. 

Cholesterol. 

Conner  (36)  states  that  the  amniotic  fluid  contains  cholesterol, 
but  no  experimental  investigation  of  it  could  be  found  in  the 
literature. 

For  these  experiments,  905  cc.  of  amniotic  fluid  were  extracted 
with  ether  in  a  Suto  extraction  apparatus  for  48  hours,  the  ex- 
tract was  saponified  with  dilute  alcohoUc  potassium  hydroxide, 
the  residue  treated  with  20  cc.  of  hot  water,  and  after  cooling, 
extracted  with  ether  three  times.  The  residue  was  extracted  with 
petroleum  ether,  and  the  soluble  portion  dissolved  in  a  mixture  of 
ether  and  alcohol,  and  the  solution  allowed  to  evaporate  spon- 
taneously. White,  mica-Uke,  glossy,  squamiform  crystals  were 
obtained;  examined  under  a  microscope,  they  were  colorless, 
very  thin,  rhombic  or  irregularly  square  tablets,  sometimes 
broken  at  a  corner,  and  piled  closely  one  on  top  of  another.  They 
melted  at  146°,  were  optically  active,  and  gave  positive  Salkow- 
ski's,  Liebermann  and  Burchard^s,  and  Schiff's  reactions.  From 
this,  it  is  evident  that  the  substance  obtained  by  extraction  with 
ether  from  human  amniotic  fluid  is  cholesterol,  and  the  cholesterol 
is  beyond  a  doubt  a  component  of  human  amniotic  fluid. 

Summary: — (1)  The  human  amniotic  fluid  at  the  end  of  preg- 
nancy always  contains  coagulable  albumins  (an  average  of  0.226 
per  cent,  inclusive  of  mucin) ;  albumin  is  its  greatest  constituent, 
but  globulin  is  present  in  traces;  the  amount  of  albumins  in  the 
amniotic  fluid  in  the  first  half  of  pregnancy  is  not  remarkably  dif- 
ferent from  that  at  the  end.  (2)  Mucin  is  also  contained,  but  in 
quantity  too  small  to  determine;  peptone  and  albumoses  are 
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not  found.  (3)  Ammonia  and  urea  are  constant  components; 
the  amount  of  ammonia  is,  on  an  average,  0.0029  per  cent;  the 
amount  of  urea,  on  an  average,  is  0.0323  per  cent,  and  both 
together  furnish  about  70  per  cent  of  the  so  called  rest  N.  (4) 
Uric  acid  and  creatine,  in  very  small  amounts,  are  present,  but 
neither  creatinine  nor  hippuric  acid  is  found.  (5)  Cholesterol  is 
a  component  of  human  anmiotic  fluid. 

BIBLIOGRAPHY. 

1.  Prochownick,  L.,  Arch.  Gyndk.,  1877,  xi,  304,  561. 

2.  Schroeder,  R.,  Arch.  Gyn&k.,  1891,  xxxix,  306. 

3.  Farkas,  G.,  and  Scipiades,  E.,  Arch.  ges.  Physiol. j  1903,  xcviii,  577. 

4.  Jacqu^,  L.,  M6m.  couron  et  autres  m<^m.  publ.  par  VAcad,  roy.  des  sc, 

des  let.  et  des  beaux-arts  de  Belg.,  63,  117. 

5.  Griinbaum,  D.,  DetUsch.  med.  Woch.f  1905,  xxxi,  1676. 

6.  Doderlein,  A.,  Arch.  Gyndk.j  1890,  xxxvii,  141. 

7.  Hasselbalch,  K.  A.,  Biochem.  Z.,  1911,  xxx,  317. 

8.  Xauta,  J.  S.,  Dissertation,  Bern,  1905. 

9.  Neumann,  A.,  Z.  physiol.  Chem.y  1902-03,  xxxvii,  129. 

10.  Neumann,  Z.  physiol.  Chem.y  1904-05,  xliii,  33. 

11.  Michaelis,  L.,  and  Rona,  P.,  Biochem.  Z.,  1908,  viii,  356.    Oppler,  B.« 

and  Rona,  P.,  Biochem.  Z.,  1908,  xiii,  121. 

12.  Cf.  Volhard  in  Hoppe-Seyler,F.,Handb.  physiol. -path.-chem.  Anal3r8ey 

Berlin,  8th  edition,  1909,  571. 

13.  Zweifel,  P.,  Arch.  Gyndk.,  1904,  Ixxii,  1;  1905,  Ixxvi,  537. 

14.  Ten  Doeschate,  A.,  Z.  physiol.  Chem.,  1907-08,  liv,  153. 

15.  Yoshikawa,  J.,  Z.  physiol.  Chem.y  1913,  Ixxxvii,  382. 

16.  Giirber,  A.,  and  Griinbaum,  D.,  Mxinch.  med.  Woch.,  1904,  li,  377. 

17.  Grunbaum,  VerhandX.  phys.  med.  Ges.  Wxtrzhurg,  xxxvii,  No.  3,  161. 

18.  Ludwig,  B..yZentr.  Gynak.y  1895,  xix,  281. 

19.  Wiechowski,  W.,  Arch,  ex  p.  Path.  u.  PharmakoL,  1909,  Ix,  194. 

20.  Wiechowski,  Beitr.  chem.  Physiol,  u.  Path.y  1908,  xi,  109. 

21.  Eppinger,  H.,  Beitr.  chem.  Physiol,  u.  Path.y  1905,  vi,  495. 

22.  Cf.  Salkowski  in  Hoppe-Seyler,  Handb.  physiol. -path. -chem.  Analyse, 

Berlin,  8th  edition,  1909,  153. 

23.  Ignatowski,  A.,  Z.  physiol.  Chem.y  1904,  xlii,  371. 

24.  Koettnitz,  A.,  Deutsch.  med.  Woch.y  1889,  xv,  900.  927,  949. 

25.  Weyl,  Arch.  Anat.y  Physiol. y  u.  xcissensch.  Med.y  1876,  543. 

26.  Hohlweg,  H.,  and  Meyer,  H.,  Beitr.  chem.  Physiol.  u.Path.,  1908,  xi, 

381. 

27.  Ahlfeld,  F.,  Z.  Geburtsh.  u.  Gyndk.,  1888,  xiv,  405. 

28.  Beale,  Monatschr.  Geburtsh.  u.  Frauetikr.y  1860,  xvi,  157. 

29.  Siewert,  Z.  Ges.  Naturwiss.,  1863,  xxi,  146. 

30.  Winckel,  F.,  Klin.  Beobachtungen  Path.  Geburt.,  Rostock,  1869,  245. 


D.  Uyeno  103 

31.  Gusserow,  A.  L.  S.,  Arch,  GynOk,,  1871-72,  iii,  24. 

32.  Schdndorff,  B.,  Arch,  ges,   Physiol.,  1899,  Ixxiv,  357;  abstracted  in 

Jahreab,  Fortsch,  Tierchem.,  1900,  xxix,  201. 

33.  Brugsch,    T.,    and   Schittenhelm,    A.,  Lehrb.    klin.  Untereuchungs- 

methoden;  Berlin  and  Vienna,  2nd  edition,  1914,  ii,  pt.  2,  668. 

34.  Marshall,  E.  K.,  Jr.,  J.  Biol.  Chem.,  1913,  xv,  487. 

35.  Schroeder  in   Hoppe-Seyler,   Handb.  physiol.-path.-chem.   Analyse, 

Berlin,  8th  edition,  1909,  664. 

36.  Conner,  A.,  in  von  Winckel,  Hand.    Geburtsh.,  Wiesbaden,   1903,  i, 

320. 

37.  Salkowski,  E.,  Z.  phyaiol.  Chem.,  1886,  x,  113. 


UREA  FORMATION  BY  THE  PLACENTA. 

By  FREDERICK  S.  HAMMETT. 
(From  the  Department  of  Anatomy,  Harvard  Medical  School,  Boston,) 

(Received  for  publication,  November  6, 1918.) 

INTRODUCTION. 

The  formation  of  urea  is  apparently  a  function  of  all  tissues* 
A  great  deal  of  investigation  has  been  carried  on  in  an  attempt  to 
determine  whether  or  not  any  particular  tissue  or  groups  of  tis- 
sues possess  this  ability  in  demonstrable  form,  with  the  result 
that  no  specific  urea-forming  power  has  been  foimd  for  any. 
The  careful  work  of  Hoagland  and  Mansfield^  on  muscle  tissue 
was  not  productive  of  results  favorable  to  the  view  that  the  for- 
mation of  urea  is  a  special  property  of  this  tissue.  Nor  could 
Fiske  and  Sumner*  locaUze  its  production  in  Uver  or  muscle.  It 
would,  on  the  surface,  seem  Useless  to  attempt  any  study  of  this 
question  with  the  placenta,  were  it  not  for  the  fact  that  the  vari* 
ous  methods  used  have  produced  conflicting  results,  and  on  ac- 
count of  the  unique  position  of  the  placenta  in  the  metabolic  in- 
terchange between  mother  and  fetus.  Since  the  synthetic  power 
of  the  placenta  in  so  far  as  glycogen  is  concerned  has  been  indi- 
cated by  Driessen'  and  others,  there  is  no  reason  to  suppose  that 
in  common  with  other  tissues  it  cannot  form  urea.  As  with  other 
tissues,  on  autolysis  leucine  and  tyrosine  are  formed  by  the  pla- 
centa,* but  in  the  hterature  on  the  placenta  no  mention  is  made 
of  the  occurrence  of  urea. 

In  view  of  these  facts  and  in  order  to  make  an  attempt  to  de- 
termine whether  the  placenta  forms  urea  in  determinable  amounts, 
experiments  were  conducted  to  this  end,  utilizing  the  procedure 

^  Hoagland,  R.,  and  Mansfield,  C.  M.,  /.  Biol.  Chem.,  1917,  xxxi,  487. 
*  Fiske,  C.  H.,  and  Sumner,  J.  B.,  /.  Biol.  Chem.,  1914,  xviii,  285. 
»  Driessen,  L.  F.,  Arch.  Gynak.,  1907,  Ixxxii,  278. 
<  Mathes,  P.,  Centr.  Gyndk.,  1901,  xxv,  1385. 
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hereinafter  described,  which  was  arrived  at  after  various  unsuc- 
cessful experiments  along  the  lines  of  other  workers. 

The  following  is  a  brief  report  of  one  phase  of  the  work.  The 
original  idea  was  to  make  an  exhaustive  study  of  urea  formation 
in  placentas  from  normal  and  toxemic  pregnancies,  with  a  view 
not  only  to  ascertain  the  normal  course  of  the  processes,  but 
also  to  determine  if  possible  the  seat  of  the  distressing  toxemias 
often  accompanying  pregnancy.  Unfortunately  the  war  has  in- 
terrupted this  line  of  work  and  has  pi;ohibited  a  more  complete 
survey  and  discussion  of  the  problems  in  this  paper. 

Procedure, 

The  fresh  placentas  were  prepared  for  analysis  and  the  ammon- 
ia and  urea  determined  as  described  in  a  previous  publication,* 
Masses  of  the  plilped  tissue  were  then  put  into  weighed  bottles 
and  the  amounts  of  tissue  ascertained  by  the  increments  in  weight 
of  containers  and  contents,  usually  about  150  gm.  An  equal 
weight  of  distilled  water  containing  5  cc.  of  a  mixture  of  equal 
parts  of  chloroform  and  toluene  was  then  added  and  the  whole 
well  mixed  by  shaking.  Bits  of  pulp  adhering  to  stoppers  and 
sides  of  bottles  were  washed  down  with  a  few  cc.  of  the  diluent 
kept  out  for  the  purpose.  The  containers  and  contents  were 
then  put  in  the  cold  room  or  left  in  the  laboratory  as  the  occa- 
sion demanded. 

Each  day,  after  shaking  the  suspended  pulp,  the  contents  of 
the  bottles  were  thrown  onto  a  large  funnel  containing  a  small 
plug  of  cotton,  and  10  cc.  portions  of  the  resulting  filtrate  were 
used  for  the  analyses.  The  residuum  in  the  funnel  was  then 
carefully  returned  to  the  bottles  together  with  the  washings,  ac- 
count being  kept  of  the  weights  of  added  and  removed  fluid.  In 
this  way  the  removal  of  a  fair  proportion  of  the  products  of  autol- 
ysis allowed  the  processes  to  continue  unhindered  by  their 
accumulation. 

All  calculations  were  made  to  a  basis  of  100  gm.  of  fresh  tissue. 
The  results  of  the  analyses,  together  with  the  per  cent  change 
from  the  initial  quantities  found,  are  recorded  in  Tables  I  to  IV. 

»  Hammett,  F.  S.,  J.  Biol.  Chem.,  1918,  xxxiii,  381. 
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ResuUs- 

An  inspection  of  Tables  I  to  IV  at  once  reveals  the  fact  that 
urea,  as  determined  by  the  soy  bean  urease,  increases  in  amount 
from  day  to  day  in  watery  susp)ension  of  pulped  placenta  tissue 
kept  in  glass  bottles  and  in  the  presence  of  chloroform  and  toluene. 

As  would  be  expected,  an  increase  in  the  temperature  at  which 
the  tissues  were  kept  resulted  in  an  increase  in  the  amounts  of 
xu-ea  formed  in  a  given  period.  This  is  plainly  shown  by  a  com- 
parison at  the  two  temperatures  of  Cases  39,  40,  41,  42,  47,  48, 
and  49  in  Tables  I  and  II,  of  placentas  from  normal  pregnancies; 
and  a  like  comparison  in  Cases  46  and  53,  Tables  III  and  IV,  of 
placentas  from  toxemic  pregnancies. 

An  insufficient  number  of  correlated  cases  from  toxemic  preg- 
nancies prevents  any  conclusion  as  to  the  relativity  of  the  action 
involved. 

DISCUSSION. 

It  is  evident  that  the  placenta  can  form  urea  under  certain 
circumstances.  The  processes  leading  up  to  this  product  are  in 
question.  It  may  be  simply  a  spUtting  of  the  urea  residue  from 
arginase,  or  it  may  be  a  heightening  to  determinabihty  of  the 
usual  processes  taking  place  in  extrauterine  Ufe,  whose  course 
from  deaminizatfon,  through  ammonium  carbamate,  to  urea,  is 
fairly  well  established. 

Whatever  the  source  of  the  urea  found  to  be  formed  by  pla- 
centa tissue,  these  results  give  evidence  that  this  organ  as  well  as 
being  excretory  in  function,  is  also  actively  concerned  in  the 
preparation  of  the  nitrogenous  by-products  of  the  fetus  for 
excretion. 

It  is  our  present  idea  that  the  fetus  is  only  faintly  able  if  at  all, 
to  perform  for,  of,  and  by  itself  the  functions  of  preparing  its 
nourishment  in  assimilable  form,  or  of  breaking  down  its  by- 
products into  compounds  ready  for  excretion;  and  that  the  pla- 
centa is  interposed  between  mother  and  fetus  to  remove  as  far 
as  possible  these  extra  burdens  from  the  maternal  organism. 
These  questions  can  obviously  be  settled  only  by  continuation  of 
the  study  of  the  biochemistry  of  placenta  and  fetal  tissues. 
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CONCLUSION. 

Urea  formation  is  one  of  the  properties  of  the  placenta  that  can 
be  conclusively  demonstrated,  although  the  processes  leading  up 
to  its  production  can  only  be  surmised.  This  findinglends further 
importance  to  the  placenta  as  an  intermediary  organ  between 
mother  and  fetus  for  mutual  protection,  as  well  as  for  the  cany- 
ing  on  of  processes  undeveloped  by  the  fetuB,  yet  necessary  for 
its  continuance. 


THE  MAXIMUM  PRODUCTION  OF  GLUTAMINE  BY  THE 

HUMAN  BODY  AS  MEASURED  BY  THE  OUTPUT 

OF  PHENYLACETYLGLUTAMINE. 

By  carl  p.  SHERWIN,  MAX  WOLF,  and  WILLIAM  WOLF. 
{From  the  Laboratory  of  Fordham  University  Medical  School,  New  York.) 

(Received  for  publication,  November  12,  1918.) 

Phenylacetic  acid  when  fed  to  animals  such  as  horses  (1),  dogs, 
rabbits  (2),  and  sheep  (3),  is  excreted  in  the  urine  as  phenaccturic 
acid.  This  combination  of  phenylacetic  acid  with  glycocoli,  how- 
ever, does  not  take  place  in  the  human  body.  In  man  the  phenyl- 
acetic acid  combines  with  glutamine  and  is  excreted  in  the  urine 
as  phenylacetylglutamine  (4).  E.  Salkowski  and  H.  Salkowski 
(2)  find  after  feeding  phenylacetic  acid  to  rabbits  an  increase  of 
almost  75  per  cent  in  the  total  SOs  output,  but  at  the  same  time 
a  decrease  in  the  amount  of  "combined  SO3/'  The  increase  in 
the  amount  of  inorganic  sulfates  in  the  urine  they  attribute  to  an 
increased  catabolism  of  protein  material  necessary  for  the  prepa- 
ration of  sufficient  amount  of  glycocoli  to  detoxicate  the  phenyl- 
acetic acid.  The  decrease  in  ethereal  sulfates  they  believed  to  be 
due  to  the  action  of  phenylacetic  acid  as  a  disinfecting  agent  with 
a  subsequent  decrease  in  the  amount  of  intestinal  putrefaction. 

As  glutamine  (5)  rather  than  glutamic  acid  seems  to  he  the  primary 
amino-add  constituent  of  proteinj  we  thought  it  important  to  de- 
termine the  maximum  amount  of  this  acid  which  the  human  body 
is  able  to  furnish  for  the  dctoxication  of  phenylacetic  acid.  We 
wished  also  to  know  whether  the  ingestion  of  phenylacetic  acid 
would  be  followed  by  increased  sulfur  metabolism  in  the  human 
body  as  reported  by  previous  investigators  (2)  in  animals.  Lastly, 
we  wished  to  determine  the  effect  of  the  acid  in  the  course  of  in- 
testinal putrefaction  as  measured  by  the  excretion  of  urinary 
indican,  as  well  as  by  the  amount  of  ethen^al  sulfates  excreted  in 
the  urine. 

113 

THX  JOURNAL  OF  BIOLOGICAL  CHEUIHTRT,  VOL.  XXX VIT,  NO.  \ 


114  Maximum  Production  of  Glutamine 

EXPERIMENTAL. 

The  subject  was  a  man  weighing  60.2  kilos.  He  was  main- 
tained throughout  the  entire  experimental  period  on  a  uniform 
diet.  The  experiment  covered  a  period  of  24  days.  On  the  5th 
day  of  this  period  2.5  gm.  of  phenylacetic  acid  were  ingested,  on 
the  7th  day  5  gm.,  on  the  10th  day  7.5  gm.,  on  the  13th  day  10 
gm.,  and  on  the  21st  day  15  gm.  The  acid  in  each  case  was  in- 
gested as  a  solution  of  the  sodium  salt.  The  entire  amount  ofc  the 
solution  was  taken  at  once,  covering  a  period  of  not  more  than  3 
to  5  minutes.  The  urine  was  collected  in  24  hoiw  periods,  be- 
ginning at  the  time  of  the  ingestion  of  the  acid.  The  urine  volume 
was  first  measured,  and  sufficient  amount  taken  for  the  indican 
and  sulfate  determinations  on  that  day  and  the  day  following  the 
acid  ingestion;  the  remaining  urine  volume  was  measured,  exactly 
neutraUzed  with  sodium  carbonate,  and  evaporated  on  the  water 
bath  to  a  thick  syrup.  The  determination  of  the  indican  was 
made  in  duplicate  upon  each  urine  sample  by  the  method  of  El- 
linger  (6).  Each  cc.  of  the  Wang  solution  (7)  employed  in  the 
titration  was  found  upon  standardization  to  be  equivalent  to 
0.300  mg.  of  indigo,^  or  0.576  mg.  of  indican.  The  ethereal  sul- 
fates and  total  sulfates  in  the  urine  were  determined  by  the  method 
of  Folin  (8).  To  determine  the  quantity  of  phenylacetylgluta- 
mine,  the  evaporated  urine  was  made  acid  with  phosphoric  acid 
(Congo  red  as  indicator)  and  extracted  in  a  continuous  extracting 
apparatus  with  absolute  ethyl  acetate.  The  amount  of  ethyl 
acetate  used  during  each  extraction  was  about  300  cc,  and  the 
time  of  extraction  varied  between  1  and  2  hours.  The  extracting 
was  continued  until  the  ethyl  acetate  was  found  on  evaporation 
to  contain  no  more  phenylacetylglutamine.  To  obtain  the  phen- 
ylacetylglutamine  the  ethyl  acetate  extracts  were  placed  on 
ice  for  24  hours.  At  the  end  of  this  time,  the  white  flaky  crys- 
tals of  the  substance  appeared  on  the  sides  and  bottom  of  the 
flask.  These  crystals  were  scraped  loose  and  filtered  oiBf,  the 
mother  liquor  was  evaporated  to  one-half  the  volmne,  and  again 
placed  in  the  ice  box  for  24  hours.  This  process  was  repeated 
until  all  the  compound  was  crystallized  out  of  the  solution.     The 

*  The  indigo  used  in  standardizing  the  Wang  solution  was  furnlBhed  by 
Professor  P.  B.  Hawk  of  Jefferson  Medical  College. 


C.  p.  Sherwin,  M.  Wolf,  and  W.  Wolf       115 

phenylacetylglutamine  from  the  diflferent  extractions  was  united 
and  recrystallized  from  absolute  ethyl  acetate,  dried,  and  weighed. 
In  each  extract  there  occurred  about  an  equal  amount  of  phenyl- 
acetylglutamine and  phenylacetylglutamine  urea.  In  order  to 
split  off  the  urea  and  convert  the  urea  compound  into  phenylace- 
tylglutamine, a  water  solution  of  the  urea  compound  was  made 
slightly  alkaline  with  barium  hydroxide,  the  solution  treated  with 
carbon  dioxide  to  remove  the  excess  of  barium,  filtered,  and  the 
filtrate  evaporated  to  dryness  at  a  low  temperature  on  the  water 
bath.  The  residue,  consisting  of  the  barium  salt  of  phenylace 
tylglutamine  and  urea,  was  extracted  several  times  with  hot  abso- 
lute alcohol  to  remove  the  urea.  The  insoluble  barium  salt  was 
separated  from  the  urea  by  filtration.  The  barium  salt  of  the 
phenylacetylglutamine  was  dissolved  in  a  small  amount  of  water, 
made  acid  with  phosphoric  acid,  the  barium  sulfate  filtered  off, 
and  the  phenylacetylglutamine  extracted  from  the  concentrated 
solution  with  ethyl  acetate. 

DISCUSSION. 

• 
The  results  of  the  experiment  are  summed  up  in  Table  I. 
On  account  of  the  toxicity  of  the  phenylacetic  acid,  it  was  im- 
possible for  the  subject  to  ingest  more  than  15  gm.  of  the  acid. 
Even  5  gm.  caused  thirst,  a  slight  feeling  of  dizziness,  and  nausea. 
The  10  gm.  dose  seemed  to  produce  no  exaggeration  of  these 
symptoms,  but  after  ingestion  of  15  gm.  the  subject  noticed 
marked  signs  of  poisoning,  not  unlike  those  following  the  inges- 
tion of  large  quantities  of  alcohol.  The  daily  urine  volume  which 
generally  measured  800  to  900  cc.  rose  to  at  least  1,000  cc,  and 
in  one  instance  to  1,300  cc.  after  the  ingestion  of  more  than  5 
gm.  of  phenylacetic  acid.  The  increase  in  sulfur  metabolism 
noted  by  Salkowski  and  Salkowski  (2)  after  feeding  the  same  acid 
to  rabbits  is  not  borne  out  in  this  experiment.^  On  the  13th 
day  of  the  experiment  after  an  ingestion  of  10  gni.  of  the  acid, 
there  was  a  rise  in  the  total  SO4  output  from  1.6862  gm.  on  the 
previous  day  to  2.5107  gm.  This,  although  a  marked  rise,  is 
even  lower  than  the  amount  excreted  the  3rd  day  before  the  inges- 
tion of  any  of  the  acid. 

'  The  effect  of  phenylacetylglutamine  production  on  nitrogen  metabo- 
lism is  being  studied  and  will  be  reported  later. 
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On  the  10th  day,  after  receiving  7.5  gm.  of  the  acid,  there  was 
an  increase  in  total  SO4  of  0.1404  gm.  or  5.95  per  cent  over  the 
previous  day.  In  all  other  cases  there  is  even  a  decrease  in  the 
total  amount  of  SO4  excreted  in  the  urine.  There  is  no  marked 
decrease  in  the  amount  of  ethereal  sulfates  after  the  ingestion  of 
the  acid  except  on  the  21st  day  of  the  experiment,  when  the 
amount  fell  to  less  than  half  the  amount  of  the  previous  day  and 
was  approximately  one-half  the  amount  excreted  on  the  succeeding 
day.  There  was  also  a  relative  decrease  in  ethereal  sulfates  in 
every  case  as  i^  shown  by  the  proportion  of  total  SO4  to  ethereal 
SO4. 

The  influence  of  the  phenylacetic  acid  on  putrefaction  in  the 
intestine  is  best  measured  by  the  indican  (9)  output  in  the  urine, 
as  the  amount  in  each  case  is  affected  by  the  ingestion  of  the  acid. 
The  influence  of  the  phenylacetic  acid  on  the  indican  excretion  is 
most  marked  on  the  1st  or  2nd  day  after  the  ingestion  of  the  acid. 
After  a  5  gm.  dose  of  the  acid,  the  indican  entirely  disappeared 
for  the  same  day  and  the  day  following,  while  on  the  13th  day  10 
gm.  of  the  acid  caused  only  a  slight  decrease  in  the  amount  of 
indican  excreted.  After  the  ingestion  of  15  gm.,  there  is  a  very 
slight  drop  in  the  24  hour  indican  value  followed  the  next  day 
by  a  marked  increase.  The  decided  lowering  of  the  indican  con- 
tent of  the  urine  first  appeared  on  the  2nd  and  3rd  days  after 
acid  was  taken.  The  ratio  of  indican  SO4  to  total  ethereal  SO4 
shows  that  the  production  of  indican  was  retarded  to  a  much 
greater  extent  than  the  other  compounds  constituting  the  re- 
mainder of  the  ethereal  sulfates. 

In  every  case  the  amount  of  glutamine  furnished  by  the  body 
for  the  detoxication  of  the  phenylacetic  acid  was  approximately 
one-half  the  necessary  amount.  Regardless  of  the  size  of  the 
dose  of  acid,  only  about  50  per  cent  of  the  acid  appeared  in  the 
urine  as  phenylacetylglut amine. 

After  a  dose  of  2.5  gm.,  2.02  gm.  of  the  compound,  correspond- 
ing to  52.88  per  cent  of  the  acid  ingested,  were  isolated  from  the 
urine..  After  ingesting  15  gm.  of  the  acid,  14.75  gm.  of  phenyl- 
acetylglutamine  were  recovered  from  the  urine.  In  this  case 
50.65  per  cent  of  the  acid  ingested  was  recovered.  An  exception 
was  found  after  a  5  gm.  dose,  when  the  amount  of  acid  regained 
amounted  to  67.67  per  cent  with  a  collection  of  3.3820  gni.  of  the 
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compound.  The  amount  of  glutamine  furnished  in  each  case 
was  proportional  to  the  amount  of  phcnylacetic  acid  ingested 
regardless  of  the  size  of  the  dose.  The  largest  quantity  of  gluta- 
mine isolated  from  the  urine  in  combination  with  the  phcnylacetic 
acid  was  7.5225  gm.  after  a  dose  of  15  gm.  of  the  acid.  It  is  prob- 
able that  more  of  the  phcnylacetylglutamine  would  have  ap- 
peared in  the  urine  after  each  dose  of  the  acid,  had  the  acid  been 
ingested  at  regular  intervals  covering  a  period  of  10  or  12  hours. 
There  may  have  been  a  reversible  reaction  at  work  thus  decreas- 
ing the  amount  of  the  phcnylacetic  acid  compound  in  the  urine, 
or  the  remainder  of  the  acid  yet  unaccounted  for  may  have  been 
detoxicated  and  eliminated  through  the  urine  as  an  entirely  dif- 
ferent compound. 

CONCLUSION. 

1.  No  marked  increase  in  sulfur  metabolism  followed  the  inges- 
tion of  phcnylacetic  acid  by  man,  as  is  shown  by  the  very  slight 
increase  in  the  total  SO4  content  of  the  urine.  This  does  not  agree 
with  the  findings  of  the  experiment  on  rabbits  by  Salkowski  and 
Salkowski. 

2.  Intestinal  putrefaction  is  decreased  after  ingesting  phcnyl- 
acetic acid.  The  amount  of  urinary  indican  was  decreased  as 
well  as  the  total  ethereal  sulfates. 

3.  About  50  per  cent  of  the  phcnylacetic  acid  ingested  was  de- 
toxicated in  each  case  by  uniting  with  glutamine.  The  largest 
amount  of  glutamine  excreted  was  7.5225  gm.  after  a  dose  of  15 
gm.  of  phcnylacetic  acid.  The  amount  of  phcnylacetylglutamine 
isolated  from  the  urine  after  the  15  gm.  dose  of  the  acid  was 
14.75  gm. 
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BEHAVIOR  OF  SUDAN  III  IN  THE  ANIMAL  ORGANISM. 

By  B.  E.  read. 

{From  the  Sheffield  Laboratory  of  Physiological  Chemistry,  Yale  University, 

New  Haven.) 

(Received  for  publication,  November  18,  1918.) 

The  fat-soluble  dye  Sudan  III,  since  its  first  preparation  by 
Nietzki^  in  1880,  has  been  used  extensively  in  the  study  of  prob- 
lems directly  and  indirectly  associated  with  vital  staining  and  the 
metabolism  of  fat.  The  work  of  Daddi,  Gage,  Riddle,  Mendel, 
Whitehead,  and  many  others,  including  that  recently  published 
by  Hatai,^  has  shown  how  fat  can  be  traced  in  the  body  by  means 
of  oil-soluble  dyes. 

In  their  paper  on  the  behavior  of  fat-soluble  dyes  in  the  animal 
organism,  Mendel  and  Daniels'  discussed  the  toxicity,  absorption, 
transport,  and  excretion  of  this  dye.  They  stated  that  it  is  ap- 
parently non-toxic,  inasmuch  as  animals  fed  over  long  periods  of 
time  showed  no  deleterious  results.  When  fed  in  solution  in 
fat  it  may  enter  the  organism  from  the  alimentary  tract  through 
the  lymphatics  or  by  the  portal  circulation  dissolved  in  reabsorbed 
bile,  a  cycle  becoming  established  between  the  intestine,  bile,  and 
blood.  The  dye  is  eliminated  in  the  feces  alone,  except  when  an 
alimentary  lipuria  arises;  then  it  may  occur  in  the  urine.  More- 
over, it  is  deposited  in  the  adipose  tissues  and  bone  marrow, 
stained  fat  being  no  less  available  to  the  organism  than 
unstained. 

These  findings  were  later  discussed  by  Salant  and  Bengis*  in 
their  physiological  and  pharmacological  studies  of  fat-soluble 
dyes.  Using  exceedingly  large  doses,  they  found  that  Sudan  III 
was  not  pronouncedly  toxic.  Administered  intraperitoneally, 
subcutaneously,  intravenously,  or  by  mouth  the  dye  was  reported 

*  Nietzki,  R.,  Ber.  chem.  Ges.,  1880,  xiii,  800. 
«  Hatai,  S.,  J.  Exp.  ZooL,  1918,  xxvi,  101. 

*  Mendel,  L.  B.,  and  Daniels,  A.  L.,  J.  Biol.  Chem.,  1912-13,  xiii,  71. 

*  Salant,  W.,  and  Bengis,  R.,  J.  Biol.  Chem.,  1916,  xxvii,  403. 

121 


122  Sudan  III  in  Animal  Organism 

to  be  excreted  by  the  kidney,  sometimes  found  in  the  bile,  and 
deposited  in  the  adipose  tissue  only.  When  observed  a  few 
hours  after  experiment,  the  central  nervous  system  sometimes 
showed  faint  traces  of  color.  Salant  and  Bengis  contended  that 
the  absence  of  dye  in  the  urine  as  reported  by  Mendel  and  Daniels' 
was  due  to  the  abnormality  of  the  animals,  because  only  in  the 
case  of  diseased  animals  did  Salant  and  Bengis  find  absence  of 
dye  in  the  urine.  This  outcome  they  ascribe  to  decreased  per- 
meability of  the  kidneys. 

The  recent  work  of  Hatai^  on  the  several  effects  of  feeding 
Sudan  III  to  rats  may  well  be  subjected  to  criticism  and  maybe 
to  revision  in  the  light  of  the  results  reported  below.  He  found 
that  the  feeding  of  Sudan  III  to  yoimg  rats  retarded  the  growth 
of  the  thymus,  testes,  and  ovaries.  Postmortem  examination 
showed  no  trace  of  dye  in  the  brain,  spleen,  or  heart;  but  its 
presence  was  noted  in  the  Uver,  pancreas,  and  kidney. 

The  original  purpose  of  the  present  experiments  was  to  rein- 
vestigate the  seemingly  contradictory  statements  with  regard  to 
the  path  of  elimination  of  the  fat-soluble  dye  Sudan  III,  and  par- 
ticularly the  contention  of  Salant  and  Bengis  regarding  the  excre- 
tion of  Sudan  III  by  the  kidneys.  The  products  of  various  manu- 
facturers were  used  and  gave  varying  results,  which  led  to  inter- 
esting observations  on  the  doubtful  purity  of  preparations  of 
Sudan  III  obtainable  on  the  market  at  present.  Experiments 
made  with  a  purified  product,  on  the  other  hand,  gave  definite 
results,  thus  showing  the  need  for  careful  examination  of  all 
preparations  of  Sudan  III  used  in  scientific  work  to  guarantee 
its  purity  before  drawing  conclusions  supposedly  based  upon 
its  properties  as  a  pure,  neutral  fat-soluble  dye. 

Properties  of  Sudan  III. 

There  are  many  references  in  the  literature  to  the  preparation 
and  properties  of  Sudan  III,  which  may  be  briefly  summarized 
as  follows: 

Sudan  Illy  C^iHx^NiO.     Synonyms.^ 

Benzeneazobenzcnoazo-/9-naphthol,     C«IIftX  =  N  — C«Il4  — N  =  N  — CjoHeOH. 
TetrazobenzoliS-naphthol,  Oil  Red  O,  Cerasinrot,  Scharlach  R. 
Fettponceau,  Motirot  2R,  etc.    (Some  are  the  methylated  compounds.) 

*  Merck's  1907  Index,  New  York,  3rd  edition,  1907,  429. 
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It  is  a  brick-red  powder,  insoluble  in  water,  alkali,  or  dilute 
acid;  slightly  soluble  in  alcohol;  very  readily  soluble  in  hot  glacial 
acetic  acid,  chloroform,  ether,  paraffin,  benzene,  oils  and  fats, 
fatty  acids,  and  all  lipoid  solvents.  It  may  be  crystaUized  out  of 
glacial  acetic  acid  in  sheeny  metal  green-brown  plates,  melting  at 
195°C. 

When  treated  with  strong  sulfuric  acid  it  gives  a  green  color. 
It  splits  into  amino-naphthol,  aniline,  and  p-phenylenediamine 
when  treated  with  tin  and  hydrochloric  acid.  The  sodium  salt 
of  the  sulfonated  compound  is  known  as  B  Scharlach,  a  much 
used  water-soluble  dye. 

The  peculiar  solubilities  of  Sudan  III  have  facilitated  the  study 
of  fat  digestion  and  absorption  through  the  intestinal  walls. 
It  is  even  more  soluble  in  bile  than  in  fat,  but  the  question  of  its 
solubility  in  soaps  or  glycerol  does  not  seem  clear.  Pfluger* 
states  that  the  pure  dye  is  freely  soluble  in  bile  and  dissolves  in 
both  soap  and  glycerol  giving  a  deep  red  solution.  Mendel,^  while 
reaffirming  its  solubility  in  bile  even  in  preference  to  oil,  states 
on  the  contrary  that  it  is  insoluble  in  either  glycerol  or  soap 
solution. 

Bearing  in  mind  the  above  properties  we  now  turn  to  the  ex- 
amination of  products  on  the  market  which  have  been  in  com- 
mon use.  The  samples  taken  were  those  put  out  by  (1)  Kahl- 
baum,  (2)  BerUn  Anilin  Fabrik,  (3)  Gnibler,  (4)  A.  H.  Thomas  Co. 


Speci- 
men. 

Melting 
point. 

Color. 

Remarks. 

•c. 

1 

130 

Brick-red  powder. 

Very  readily  soluble  in  oil. 

2 

120 

Dark  venous-red. 

Solution  in  oil  dark  colored. 

3 

135 

Dark      brick-red,      lumps 
showing  lighter  material 
inside. 

Very  readily  soluble  in  oil. 

4 

120 

Orange-red  powder. 

Solution  in  oil  of  deep  orange 
color,  more  or  less  soluble 
in  dilute  alkalies  and  acids. 

5 

195 

Green-brown  sheeny  plates. 

Purified  product. 

•  Pfliigcr,  E.,  Arch.  ges.  Physiol.,  1900,  Ixxxi,  375. 
7  Mendel,  L.  B.,  Am.  J.  Physiol.,  1909,  xxiv,  493. 
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These  varying  properties  show  unmistakably  the  presence  of 
impurities  in  the  commercial  products. 

Purification  of  Sudan  III. 

The  dye  may  be  separated  from  its  impurities  by  first  dissolving 
in  alcohol  or  glacial  acetic  acid,  and  subsequently  precipitating  in 
water  to  remove  all  water-soluble  substances;  the  repetition  of 
this  procedure  results  in  a  fine  brick-red  powder  of  low  melting 
point  similar  to  that  of  the  commercial  article.  It  should  then  be 
recrystallized  out  of  hot  glacial  acetic  acid  three  or  more  times,  the 
purity  of  the  fine  sheeny  flocculent  crystals  thus  obtained  being 
judged  by  the  melting  point.  Very  impure  products  need  to  be 
dissolved  in  a  lipoid  solvent  and  shaken  out  with  dilute  aqueous 
alkali  and  acid  alternately  until  the  aqueous  solvent  ceases  to 
take  up  any  further  color. 

The  solubility  of  Sudan  III  in  oil  has  been  the  subject  of  long 
discussion.  Michaelis*  considered  that  it  was  readily  soluble  in 
oil,  but  does  not  state  to  what  degree;  on  the  other  hand  Mann* 
considered  the  solution  to  depend  on  a  chemical  and  not  a  physi- 
cal process.  Mann  concludes  from  Michaelis'  own  work  that 
the  union  between  Sudan  III  and  oleic  acid  is  a  chemical  one  de- 
pending on  the  oxidation  of  the  unsaturated  fatty  compound, 
analogous  to  the  action  of  asmium  tetraoxide,  the  only  difference 
being  that  azo  dyes  form  additive  compounds  with  the  fat  with- 
out changing  their  color,  while  osmium  compounds  are  readily 
decomposed. 

The  chemistry  of  Sudan  III  has  been  worked  out  in  the  elabo- 
rate researches  of  Michaelis.  He  showed  that  its  staining  power 
was  dependent  on  the  simple  azo  group  "benzene  azobetanaph- 
thol,"  and  varied  according  to  the  nature  of  the  rest  of  the 
molecule. 

BelP^  in  his  experiments  on  the  interstitial  granules  of  striated 
muscle  secured  his  best  results  with  Herxheimer's  stain,  and  rela- 
tive to  the  experiments  here  reported  it  should  be  noted  that  he 
states,  ''very  variable  results  were  obtained,"  indicating  that  the 

'  Michaelis,  L.,  Virchows  Arch.  path.  Anal.,  1901,  clxiv,  263. 
»  Mann.  G.,  Physiological  histology,  Oxford.  1902,  306. 
"  Bell,  E.  T.,  Jniernat.  Monatsrhr.  Anat.  u.  Physiol.,  1911,  xxviii,  297. 
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quality  of  the  dye  varied,  although  "only  Grii bier's  dyes  have 
been  used."  The  methyl  and  ethyl  compounds  of  benzeneazo- 
naphthol  have  a  greater  staining  power — especially  when  no  salt- 
forming  groups  are  present.  The  "indifferent"  character  of  Su- 
dan III  makes  it  a  peculiarly  efficient  fat-soluble  dye.  It  has  great 
ability  to  unite  with  fat  cells  in  both  an  acid  and  alkaline  medium 
as  compared  with  other  dyes.  This  is  shown  by  Robertson"  in 
his  work  on  tissue  staining. 

The  solubility  of  Sudan  III  in  oil  has  an  important  bearing  on 
the  relative  availabiUty  of  stained  and  imstained  fat  in  the  ani- 
mal body.  The  assimilation  of  a  solution  of  the  dye  would  be 
expected  to  follow  a  different  path  from  that  of  the  assimilation 
of  an  oil  compound,  the  latter  possibly  rendering  the  fat  unavail- 
able for  use  in  the  organism. 

Unlike  Scharlach  R,  Sudan  III  dissolved  in  alcohol  and  mixed 
with  five  to  six  volumes  of  water  does  not  form  a  colloidal  solu- 
tion, and  apparently  does  not  show  the  same  adsorption  phenomena 
as  do  some  other  indifferent  dyes.  This  property  should  be  con- 
sidered in  the  interpretation  of  the  supposed  urinary  excretion  of 
Sudan  III. 

Sudan  III  is  easily  detectable  in  the  body  fluids.  Simple  solu- 
tion of  the  dye  in  alcohol  gives  a  distinct  pink  color  up  to  one 
part  in  ten  million;  likewise  in  any  of  the  lipoid  solvents  when  it 
is  present  in  traces  (one  part  in  a  million).  Gasoline,  in  prefer- 
ence to  ether  or  toluene,  was  found  to  be  the  cheapest  and  best 
solvent.  The  writer  did  not  find  Salant's**  wool  method  satisfac- 
tory for  dark  colored  urines.  The  wool  adsorbs  so  much  of  the 
urinary  pigment  that  it  is  almost  impossible  to  tell  whether  there 
is  any  dye  present.  Sudan  III  is  best  extracted  from  lymph  by  a 
mixture  of  one  volume  of  alcohol  and  two  volumes  of  ether,  a 
quantitative  yield  being  obtained  by  shaking  the  mixture  and 
standing  it  aside  for  24  hours. 

■ 

Absorption  and  Transport, 

Mottram^-  showed  clearly  that  animals  possess  varying  de- 
grees of  ability  to  absorb  and  use  fat ;  therefore  one  might  expect 

»  Robortson,  T.  B.,  J.  Biol.  Chem.,  1008.  iv,  1. 
'2  Mottram,  V.  H.,  J.  Physiol.,  1915^10,  1.  3S(). 
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to  find  some  variation  in  the  results  obtained  by  workers  using 
different  animals.  Mendel  worked  chiefly  with  dog,  cats,  and 
rats;  Salant  used  rabbits,  the  normal  diet  of  which  includes  very 
little  fat.  In  one  of  the  following  experiments  the  writer  in- 
jected intraperitoneally  an  aqueous  suspension  of  the  dye  into  a 
rabbit  and  observed  no  excretion  either  in  the  urine  or  feces.  The 
animal  when  killed  showed  a  pink  omentum,  unstained  below  the 
surface,  with  scattered  lumps  of  dye  embedded  in  it.  Intraperi- 
toneal injection  of  the  dye  dissolved  in  oil  gave  good  absorption 
and  excretion,  the  dye  appearing  in  the  feces  in  1  to  5  days. 
Rats  injected  intraperitoneally  showed  little  absorption  of  the 
stained  oil.  The  rats  were  killed  after  2  or  3  weeks  and  there 
was  found  still  present  in  the  peritoneum  a  considerable  amoimt 
of  stained  oil.  MendeP  has  shown  beyond  question  that  when 
Sudan  III  is  fed  by  mouth  it  passes  readily  into  the  l3rmphatics 
and  thence  into  the  blood  stream;  later  it  is  eliminated  with  the 
bile  into  the  alimentary  tract. 

There  are  other  factors  which  influence  the  nature  and  rate  of 
absorption  of  fat  and  therefore  of  stained  fat.  Various  adjuncts 
have  been  used  to  assist  in  emulsifying  the  oil  administered. 
Mendel  used  lecithin,  a  substance  which  Loevenhart  and  Souder^ 
showed  to  be  an  accelerator  to  the  digestive  action  of  pancreatic 
juice  on  oils.  Salant*  used  emulsions  containing  sodium  carbon- 
ate, which  would  greatly  decrease  the  solubility  of  the  dye  in  the 
oil  and  so  probably  retard  its  absorption.  Salant  also  used  sus- 
pensions in  gelatin,  which  might  or  might  not  be  absorbed  depend- 
ing on  the  condition  of  the  animal,  such  a  preparation  being 
comparable  to  a  watery  suspension. 

In  view  of  the  above  facts  regarding  the  doubtful  absolute 
purity  of  some  of  the  preparations  of  Sudan  III  heretofore  used, 
the  question  of  the  absorption  of  fat  through  the  intestinal  mucosa 
might  well  be  brought  forward  again.  As  the  dye  has  been  re- 
lied upon  as  an  exact  index  of  the  paths  of  absorption  and  trans- 
port of  fat,  any  small  amount  of  a  foreign  coloring  matter  present 
may  give  very  misleading  results,  from  which  erroneous  conclu- 
sions may  have  been  drawn. 

"  Loevenhart,  A.  S.,  and  Souder,  C.  G.,  /.  Biol.  Chem,y  1906-07,  ii,  415, 
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Excretion. 

The  work  of  Abel  and  Rowntree"  on  the  excretion  of  dyes  leads 
one  to  expect  Sudan  III,  on  account  of  its  indifferent  character, 
to  be  excreted  in  the  feces.  This  was  found  to  be  the  case  by 
MendeP  and  was  confirmed  in  the  present  work  on  dogs,  all  of 
which  were  tested  by  the  phenolsulfonephthalein  test  and  found 
normal  in  respect  to  kidney  function.  Salant  claimed  that  the 
dye  was  excreted  in  the  urine,  but  obtained  varying  results  from 
animals  with  deranged  kidney  mechanism,  his  experiments  being 
conducted  with  rabbits  to  which  very  large  doses  of  dye  were 
given.  The  writer  repeated  this  work  with  rabbits  and  found 
variation  accordmg  to  the  purity  of  the  dye,  the  size  of  the  dose, 
and  the  kind  of  diet.  In  all  cases  when  the  pure  dye  was  fed,  even 
in  large  amount^  no  dye  was  excreted  in  the  urithe,  soft  deep  red 
stools  being  obtained  in  2  to  4  hours. 

Small  doses  of  the  unpurified  product  given  intraperitoneally 
did  not  appear  in  the  urine.  It  was  impossible  to  give  to  rabbits 
such  large  amounts  intraperitoneally  as  by  mouth.  Large  doses 
of  the  crude  drug — as  much  as  2  gm.  at  one  time — were  admin- 
istered with  the  aid  of  a  stomach  tube  to  full  grown  rabbits. 
During  one  or  more  days  foUowing,  dark  reddish  brown  urines 
were  obtained.  The  dark  red-brown  pigment  was  not  Sudan  III. 
It  was  thought  to  be  probably  a  foreign  pigment  present  in  the 
original  impure  dye,  soluble  in  the  body  fluids,  and  excretable  by 
the  kidney  in  some  form  or  other.  This  should  not  be  inter- 
preted as  characteristic  of  the  excretion  of  Sudan  III.  Pure  Su- 
dan III  so  administered  to  rabbits  did  not  give  pink  urine;  and 
the  same  negative  outcome  was  observed  when  dogs  were  given 
moderate  doses  of  the  impure  products  with  their  daily  food.  The 
colored  urines  were  only  obtained  when  abnormally  large  doses 
of  the  crude  dye  with  its  impurities  were  administered  to  rabbits. 
The  urines  on  standing  deposited  the  pigment  as  a  dark  brown 
precipitate.  The  amount  of  the  pigment  seemed  much  increased 
when  the  rabbits  were  given  exclusively  an  oat  diet.  Such  a  diet 
with  its  resulting  acidosis  changes  the  nature  of  the  renal  excre- 

**  Abel,  J.  J.,  and  Rowntree,  L.  G.,  7.  Pharm.  and  Exp.  Therap,,  1909- 
10,  i,  231. 
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tion,  and  herein  may  lie  the  explanation  of  the  appearance  of  the 
pigment  impurity  in  the  urine. 

The  pure  dye  is  excreted  in  the  feces  only,  the  earliest  appear- 
ance observed  being  after  2  hours.  It  is  extractable  by  gasoline, 
whereby  it  may  be  estimated  quantitatively. 

Toxicity. 

Weyl^*  some  years  ago  announced  that  diazo  colors  in  general 
are  non-poisonous.  This  has  been  confirmed  in  particular  with 
regard  to  Sudan  III  by  subsequent  workers.  Mendel  stated 
Sudan  III  to  be  harmless  even  in  large  doses  provided  the  dye 
was  pure.  Salant  and  Bengis  in  their  experiments  observed  death 
after  1  to  3  weeks;  but  they  regarded  it  as  extremely  doubtful 
whether  death  was  due  to  the  dye.  Hatai  reported  that  Sudan 
III  retarded  to  a  considerable  extent  the  body  growth  of  albino 
rats,  and  caused  a  striking  change  in  weight  of  many  of  the  organs, 
especially  the  liver,  pancreas,  thymus,  testes,  and  ovaries. 

The  following  experiments  show  that  the  impure  dye  may  be 
markedly  toxic.  When  2  gm.  were  given  at  one  time  to  normal 
rabbits,  in  all  cases  dc  th  ensued  in  a  very  short  time.  A  neuri- 
tic-like  condition  of  the  hind  legs  developed  first,  and  sooner  or 
later  the  animals  died  in  convulsions.  Rabbits  fed  on  an  exclu- 
sive oat  diet  showed  paralytic  symptoms  very  rapidly  after  feed- 
ing the  dye.  The  pure  dye  given  in  normal  amount  did  not  show 
any  of  these  symptoms. 

A  number  of  albino  rats  were  used  to  test  further  the  toxicity 
of  the  various  products.  Those  fed  the  crude  preparations  be- 
came very  much  debilitated.  The  orange  colored  dye  (No.  4) 
stunted  the  growth,  and  brought  about  a  general  appearance  of 
malnutrition;  and  in  other  rats  the  hind  legs  were  paralyzed  on 
one  or  both  sides. 

Path  of  Absorption  and  Excretion  of  Stcdan  III  in  Animals  with 

Normal  Kidney  Mechanism, 

Dogs  were  fed  moderate  dose  s  of  Sudan  III  in  fatty  food,  and 
after  several  hours  cannulas  were  inserted  in  the  thoracic  and  bile 

»  Weyl.  T.,  Die  Tcerfarben,  Berlin,  1889. 
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ducts  to  collect  the  l3nnph  and  the  bile.  Blood  was  taken  from 
the  femoral  artery.  Just  before  death  the  bladder  was  emptied 
with  great  care  to  avoid  contaminartion,  and  the  urine  examined 
for  the. presence  of  the  dye.  All  the  animals  were  tested  several 
hours  before  operation  with  the  phenolsulfonephthalein  kidney 
function  test  and  were  found  to  be  normal. 

The  following  results  show  that  the  dye  administered  with  fat 
is  well  absorbed  into  the  lymphatics,  is  transported  into  the  blood, 
and  excreted  with  the  bile,  and  reabsorbed  in  it  from  the  intes- 
tine. It  is  not  excreted  by  the  kidney,  but  always  appears  in 
the  feces.  Small  doses  of  the  crude  products  did  not  influence  the 
color  of  the  urine. 

Experiment  1. — Dog,  female,  weight  13.5  kilos.  Fed  4  gm.  of  Sudan  III 
Specimen  1  during  1  week,  at  the  same  time  adding  plenty  of  lard  to  the 
diet.  Very  soft  pink  feces  were  excreted.  On  the  8th  day,  3  hours  after 
taking  a  heavy  fat  meal  containing  Sudan  III  the  animal  was  operated 
'upon  to  obtain  samples  of  l3rmph  and  bile.  Both  contained  a  considerable 
amount  of  Sudan  III.  The  milky  l3rmph  was  intensely  pink,  and  the  dark 
bile,  dried  down  with  lime  and  extracted  with  ether,  showed  an  abundance 
of  Sudan  III.  The  urine  showed  no  trace  of  fed  color.  At  the  conclusion 
of  the  operation  1  cc.  of  phenolsulfonephthalein  was  injected  subcutan- 
eously,  and  after  9  minutes  2  cc.  of  urine  were  obtained  giving  a  strong 
positive  reaction. 

Experiment  f . — Dog,  male,  weight  14.3  kilos.  1  gm.  of  Sudan  III  Spec- 
imen 1  was  added  with  15  gm.  of  lard  to  the  morning  meal  of  ground  bis- 
cuit. After  5  hours  the  animal  showed  signs  of  gastric  disturbance ;  there 
was  vomiting  with  diarrhea  and  it  was  several  days  before  the  animal  ap- 
peared normal  again.  When  fully  recovered,  the  animal  was  given  on  3 
successive  days  1  gm.  of  purified  Sudan  III  with  the  morning  meal.  On 
the  3rd  day,  1  hour  after  feeding,  an  operation  was  conducted  to  obtain 
lymph  and  bile.  More  than  100  cc.  of  a  very  pink  lymph  were  obtained  in 
2  hours,  and  the  bile  collected  was  saturated  with  Sudan  III.  No  dye  ap- 
peared in  the  urine.  The  pure  dye  did  not  disturb  the  digestive  system 
so  much  as  the  crude  products. 

Experiment  S. — Dog,  female,  weight  10.5  kilos.  0.5  gm.  of  pure  dye 
was  fed  with  10  gm.  of  lard,  and  2  hours  later  a  similar  amount  was  fed  in 
half  a  pint  of  cream.  After  4  hours  the  animal  was  operated  upon  as  in 
Experiments  1  and  2.  The  Ijrmph  was  decidedly  pink,  and  the  bile  taken 
direct  from  the  gall  bladder  when  extracted  with  gasoline  showed  the 
presence  of  a  considerable  amount  of  Sudan  III.  There  was  no  trace  of 
dye  in  the  urine.  At  the  end  of  the  operation  0.5  cc.  of  phenolsulfone- 
phthalein solution  was  injected  subcutaneously,  and  after  7  minutes  it 
appeared  in  the  urine  showing  that  the  kidneys  ^ere  functioning  well. 
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Experiment  4- — Dog,  female,  weight  12.4  kilos.  Fed  1  gm.  of  pure  dye, 
and  isifter  2  days  the  dose  was  repeated  with  half  a  pint  of  cream.  1  hour 
after  giving  the  second  dose  the  dog  was  operated  upon  as  before.  The 
lymph  flow  was  exceedingly  small  but  quite  pink  in  color.  The  bile  gave 
a  strong  red  color  when  shaken  up  with  gasoline.  Blood  collected  from  the 
femoral  artery  was  allowed  to  clot  and  the  serum  extracted  with  gasoline. 
It  showed  unmistakably  the  presence  of  the  dye.  There  was  no  trace  of 
dye  in  the  urine. 

Exi>erimeni  6. — Dog,  male,  weight  11.5  kilos.  1.5  gm.  of  Sudan  III  Spec- 
imen 1  with  lard  were  added  to  the  usual  food.  After  IJ  hours  an  operation 
was  conducted  to  obtain  specimens  of  lymph,  bile,  blood,  and  urine.  All 
except  the  urine  showed  the  presence  of  Sudan  III  in  marked  amount. 

Experiment  6. — Dog,  female,  weight  14.5  kilos.  1  gm.  of  Sudan  III 
Specimen  4  was  given  with  lard,  cream,  and  biscuits.  After  2  hours  the 
body  fluids  were  collected  as  in  Experiment  5.  The  lymph  and  blood  were 
strongly  positive,  but  the  bile  was  much  lighter  than  usual  containing  only 
very  faint  traces  of  the  dye.  The  urine,  as  in  all  of  the  experiments, 
showed  no  trace  of  Sudan  III. 

TABLE  I. 
Summary  of  Experiments  on  Dogs. 


Experiment 

Dye. 

Sudan  III  in 

No. 

Lsrmph. 

BUe. 

Blood. 

Urine. 

1 
2 
3 
4 
5 
6 

1 
Pure. 

« 

1 
4 

+  +  +  -f 
-f  +  +  -f 

-f-f 

+  +  -f-f 
+  -f  +  -f 

+  + 

-f-f 

0 
0 
0 
0 
0 
0 

The  results  with  normal  animals  confirm  the  findings  of  Mendel 
and  Daniels,^  and  answer  clearly  the  criticism  of  Salant  and 
Bengis.* 

To  investigate  further  the  nature  of  the  absorption  and  excre- 
tion of  Sudan  III,  experiments  similar  to  those  of  Salant  and  Ben- 
gis  were  conducted  on  rabbits.  The  protocols  of  the  various 
experiments  bring  out  especially  the  toxicity  of  the  crude  products 
in  common  use. 

Experiment  7.  Toxicity  of  Commercial  Sudan  Illy  Specimen  1. — Rabbit 
1,  female,  weight  1.6  kilos.  Mixed  diet  (oats,  corn,  cabbage,  and  car- 
rots). 84  mg.  were  injected  intraperitoncally  with  5  cc.  of  oil.  During  the 
following  3  days  soft,  deep  red  feces  were  obtained  but  the  urine  was  nor- 
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mal.  Similarly  a  week  later  126  mg.  were  given  in  10  cc.  of  oil.  8  days 
later  2.72  gm.  in  20  cc.  of  oil  were  given  by  mouth.  Intensely  red  soft  feces 
were  excreted  in  3)  hours.  Subsequent  diarrhea  made  it  difficult  to  keep 
the  animal  clean,  the  belly  and  hind  quarters  becoming  smeared  very  red. 
The  toxic  symptoms  of  the  dye  developed  gradually;  after  a  few  hours  there 
was  loss  of  control  in  the  hind  limbs  and  sprawling  on  the  front  legs,  and 
the  animal  died  in  convulsions  within  24  hours.  No  dye  appeared  in  the 
urine  at  any  time. 

Experiment  8.  Effect  of  Administering  Siidan  Illy  Specimen  /,  Recrys- 
tallized  Three  Times f  Melting  Paint  iSO^Cj  trnth  Exclusive  Oat  Diet. — 
Rabbit  2,  female,  weight  1.76  kilos.  The  animal  was  fed  on  oats  for  sev- 
eral days,  when  the  daily  excretion  of  urine  became  very  small.  92  mg.  of 
dye  were  injected  with  10  cc.  of  oil  intraperitoneally.  In  a  few  days  there 
developed  paralysis  in  the  left  leg  with  albuminuria.  The  sickness  con- 
tinued acute  as  long  as  the  exclusive  oat  diet  was  given.  After  25  days 
carrots  were  added  to  the  diet,  and  2  gm.  of  the  dye  were  given  with  20 
cc.  of  oil.  A  very  heavy,  dark  brown  urine  was. voided  for  6  days,  after 
which  time  the  urine  returned  to  its  normal  color,  and  the  paralysis  in  the 
leg  was  much  improved.  The  animal  died  several  weeks  later.  The  pig- 
ment in  the  urine  was  examined  for  bile  pigment  with  a  negative  result. 
It  precipitated  out  on  standing.  Hydrolyzed  with  acid  and  alkali  it  failed 
to  give  any  red  color.  On  account  of  its  general  properties  and  the  fact 
that  the  administration  of  pure  Sudan  III  did  not  produce  th's  pigment, 
the  pigment  must  have  originated  as  an  impurity  in  the  commercial  speci- 
men of  the  dye. 

Experitnent  9.  Toxicity  of  Commercial  Sudan  III,  Specimen  3. — Rabbit 
3,  female,  weight  1.7  kilos.  Diet  of  oats  and  carrots.  2  gm.  of  the  mixed 
impure  residues  from  the  recrystallization  of  the  dye  were  given  with  oil  by 
mouth.  After  2  hours  soft  red  feces  were  excreted,  which  in 4 hours  changed 
to  a  red  liquid  stool.  The  urine  collected  during  the  following  6  days  was 
a  thick  red  colloid,  after  which  time  the  animal  appeared  normal  in  every 
way.  12  days  later  2  gm.  of  commercial  Sudan  III,  Specimen  3,  were  given 
with  oil  by  mouth.  The  animal  excreted  red-brown  urine  during  several 
days,  and  gradually  developed  neuritic-like  symptoms,  the  right  ^ide  be- 
ing first  affected,  and  later  the  hind  legs  being  completely  paralyzed.  At 
the  end  of  the  3rd  week  the  rabbit  had  a  convulsion,  and  the  following  day 
died  in  convulsions. 

Experiment  10.  Effect  of  Administering  Impure  Sudan  111,  Specimen  4- 
— Rabbit  4,  female,  weight  1.84  kilos.  Exclusive  oat  diet.  2  gm.  of  the 
dye  suspended  in  water  were  given  by  mouth.  On  the  following  day  only 
the  feces  were  colored  red,  but  a  very  dark  brown  urine  was  excreted  for  a 
week.  After  3  weeks  the  animal  was  killed.  It  showed  no  stain  either  in 
the  omentum  or  any  of  the  fatty  tissues  of  the  body.  The  urine  after  stand- 
ing a  week  deposited  the  pigment  on  the  sides  of  the  vessel.  This  brown 
material  was  examined  as  before,  and  was  also  apparently  an  impurity  in 
the  original  dyestuflf.  There  was  degeneration  of  the  liver.  It  was  con- 
cluded that  the  dye  failed  to  enter  the  circulation  at  all ;  otherwise  at  least 
the  omentum  would  have  been  stained. 
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Experiment  11,  Absorption ^  Distrihuiiony  and  Excretion  of  Pure  Sudan 
III  Administered  to  an  Animal  on  a  Good  Mixed  Diet. — Rabbit  5,  female, 
weight  2.0  kilos.  Diet  of  oats,  corn,  cabbage,  and  carrots.  1  gm.  was  given 
by  mouth  with  50  cc.  of  oil.  After  3 J  hours  very  red  feces  were  excreted 
and  acute  diarrhea  followed,  lasting  several  days.  The  urine  was  darker 
than  normal,  but  the  natural  color  returned  in  5  days.  The  animal  was 
killed  a  month  later.  The  omentum,  the  fatty  tissues  of  the  neck  and 
legs,  and  the  kidney  and  heart  fat  all  showed  distinctly  the  presence  of  the 
dye,  being  stained  pink.  The  nerves  and  spinal  cord  were  quite  white, 
and  the  bile  was  free  from  the  dye.  The  pure  dye  was  apparently  non- 
toxic. 

Experiment  It. — Repetition  of  Experiment  1 1 .  Rabbit  6,  female,  weight 
2.1  kilos.  Good  mixed  diet.  1.5  gm.  of  the  purified  material  were  given 
with  35  cc.  of  oil  by  mouth.  There  was  absolutely  no  sign  of  any  foreign 
pigment  in  the  urine  excreted  during  the  following  month.  The  dye  was' 
stored  in  the  omentum  and  fatty  tissues  of  the  body,  and  excreted  in  the 
feces,  as  in  the  previous  experiment. 

Experiment  IS.  Effect  of  Injections  of  Small  Doses  of  Pure  Sudan  III.— 
Rabbit  7,  female,  weight  1.72  kilos.  Diet  of  oats,  corn,  and  cabbage.  20 
rag.  of  pure  Sudan  III  were  dissolved  in  5  cc.  of  peanut  oil  and  injected 
intraperitoneally.  5  days  later  45  mg.  in  oil  were  injected  subcutaneously, 
and  after  13  days  a  water  suspension  of  65  mg.  was  injected  intraperito- ' 
neally.  There  was  no  inunediate  appearance  of  the  dye  in  either  the  urine 
or  feces.  The  animal  was  killed  a  week  later.  It  showed  a  heavily  stained 
omentum,  the  inner  layer  of  which  was  quite  white.  The  particles  of  dye 
from  the  injection  of  the  watery  suspension  appeared  just  scattered  over 
the  fatty  surface,  and  were  evidently  unabsorbed. 

Experiments  were  conducted  further  with  white  rats.  The 
toxic  effects  of  the  crude  impure  dyes  were  most  pronounced ,  be- 
ing more  marked  from  the  preparation  with  a  low  melting  point 
and  abnormal  properties. 

Following  intraperitoneal  injection  all  specimens  caused  death 
in  a  relatively  short  time.  In  each  case  200  mg.  dissolved  in  3 
cc.  of  warm  oil  were  used.  If  death  did  not  take  place  the  same 
day  the  animal  was  fed  on  a  mixture  of  the  stained  oil  and  dog 
biscuit.  In  all  cases  the  abdomen  when  opened  gave  off  a  foul 
smell.  The  omentum  and  intestine  both  inside  and  out  were 
loosely  coated  with  the  dye.  A  control  experiment  conducted 
with  the  plain  oil  proved  harmless. 

A  number  of  rats  after  fasting  for  4  days  were  fed  specimens  erf 
the  conmiercial  dye  dissolved  in  oil  and  mixed  with  dog  biscuit 
powder.    There  was  produced  a  general  debility  and  appearance  ' 
of  malnutrition.    Specimen  4  was  unUke  the  other  crude  sped- 
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TABLE  n. 
Summary  of  Rat  Experiments  ivilh  Sudan  III. 


1 

Dye  speci- 
men. 

Doae. 

gm. 

14 

3 

0.2  in 
3  cc.  oil. 

15 

3 

0.2  in 
3  cc.  oil. 

16 

2 

0.2  in 

3  cc.  oil. 

0.5. 

17 

1 

0.2  in 
3  cc.oil. 

18 

5. 

0.2  in 

pure. 

3  cc.  oil. 

4 

Ad  libi" 
turn. 

19 

Plain 
oil  3  cc. 

4 

0.2  in 
i  cc.  oil. 

20 

3 

Ad  lib- 
itum. 

Administration 
of  doae. 


Intraperi- 
toneal. 

Intraperi- 
toneal 
and   in 
food. 

Intraperi- 
toneal. 
In  food. 


Intraperi- 
toneal. 


tt 


« 


In  food. 


Intraperi- 
toneal. 


« 


In  food. 


Effect. 


Died  in   convul- 
sions. 

Paralysis  of  hind 
limbs. 


Very  debilitated. 


(( 


i< 


Became  bad  tem- 
pered. 

Very  debilitated. 


Xo  apparent  ef- 
fect. 
Died  in  3  days. 


Debilitated. 


Remarks. 


Died  after  1  wk. 


Died  after  12  days; 
empty  stomach ; 

stained  oil  not  all 
absorbed  from  the 
peritoneum. 

Died  in  2  wks.;  lost 
quick  movement; 
hind  limbs  very  slow. 

Continued  to  eat  well ; 
after  19  days  gave 
Dye  4. 

Died  3  wks.  later; 
loose  hair;  granulat- 
ed ears;  foul  smell- 
ing, stained  omentum 
and  kidney  fat. 

After  1  wk.  gave  Dye  4. 

Stained  oil  mostly  un- 
absorbed. 

Fasted  4  days,  fed  dye 
3  days,  then  put  on 
normal  diet  1  mo., 
after  which  Dve  5 
was  given. 
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TABLE  ll-Concluded. 


Experiment 
No. 

Dye   speci- 
men. 

Dose. 

Administration 
of  dose. 

Effect. 

Remarks. 

gm. 

20 

5 

0.2  in 

Intra^Kiri- 

Died     after      15 

3  cc.  oil. 

toneal. 

days. 

•21 

4 

Ad  lib- 

In food  with 

Stunted    growth, 

First    fasted    4     days. 

itum. 

oil     for  1 
wk. 

quite  lively. 

During  8  wks.  weight 
almost  stationary, 
varying  from  133  to 
128  gm. 

22 

4 

«        u 

U        ((        « 

«      ((      it 

Same  as  Experiment  21. 
varying  from  168  to 
153  gm.  at  time  of 
death.  Emaciated, 
very  little  body  fat, 
no  stained  fat  in  the 
body. 

23 

3 

«        (( 

In  food  for 

Debilitated,  bad 

Three   rats   grew   nor- 

1 wk. 

tempered    till 
put     back    to 
normal  diet. 

mally  up  to  nearly 
300  gm.  Killed  after 
8  wks.  Omentum, 
neck,  leg,  and  kid- 
ney fat  heavily 
stained. 

mens.  The  rats  fed  on  it  were  ver^"  stunted  in  growth  and  did 
not  show  staining  of  the  omentum  and  other  fatty  tissues  of  the 
bodv. 

These  experiments  with  the  varied  effects  on  the  growth  and 
health  of  the  animal  bring  out  the  varied  quality  of  the  crude  dye 
products,  and  confirm  the  results  of  the  rabbit  experiments 
which  show  the  undoubted  toxicity  of  the  unpurified  commercial 
preparations. 

SUMMARY. 

Sudan  III  dissolved  in  oil  and  administered  intraperitoneaUy, 
subcutaneously,  or  by  mouth,  is  absorbed,  and  may  be  traced  in 
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the  l3anph,  blood,  and  bile.  It  is  transported  to  the  fatty  tissue 
of  the  body,  being  deposited  particularly  in  the  omentum.  It  is 
excreted  in  the  feces,  and  is  not  found  in  the  urine  of  normal 
animals. 

Ordinary  commercial  preparations  of  Sudan  III  contain  more 
or  less  impurity  of  a  toxic  nature.  They  may  cause  great  de- 
bility, stunt  the  growth,  produce  a  neuritic-like  condition,  and 
be  fatal  in  large  dose.  The  foreign  substances  may  be  excreted 
by  the  kidney,  and  appear  in  the  urine  as  deep  colored  pigments. 

The  purification  and  properties  of  Sudan  III  are  set  forth,  and 
their  important  bearing  on  problems  associated  with  fat  metabo- 
lism and  vital  staining  discussed. 

I  am  indebted  to  Professor  Lafayette  B.  Mendel  for  assistance 
and  suggestions  in  planning  and  carrying  out  the  above  experi- 
ments. 
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By  JAMES  B.  SUMNER. 

(From  the  Department  of  Physiology  and  Biochemistry j  Medical  College  y 

Cornell  University ^  Ithaca.) 

Plate  1. 

(Received  for  publication,  November  13,  1918.) 

While  working  with  the  urease  of  the  jack  bean,  the  author  has 
had  occasion  to  study  the  nature  of  the  proteins  that  are  present. 
The  proteins  of  the  jack  bean  have  been  investigated  by  Jones 
and  Johns/  who  claim  to  have  isolated  an  albumin  and  two  globu- 
lins. The  precipitate  obtained  by  half  saturation  with  ammonium 
sulfate,  present  in  small  amount  and  having  the  greater  sulfur 
content,  they  called  concanavalin.  The  precipitate  by  complete 
saturation  with  ammonium  sulfate,  present  in  large  amount  and 
containing  less  sulfur,  was  named  canavalin.  The  only  reason 
Jones  and  Johns  had  for  considering  the  jack  bean  to  contain  two 
globulins  was  the  different  sulfur  content  of  these  two  fractions. 
Jones  and  Johns  dialyzed  jack  bean  extracts  and  found  that 
spheroids  were  formed. 

The  author  has  found  not  two  but  three  globulins  present  in  the 
jack  bean.  Two  of  these  globuUns  crystalUze  readily  upon  dial- 
ysis, while  the  third  appears  to  be  incapable  of  crystallizinjg. 
These  three  globulins  can  readily  be  separated  by  virtue  of  their 
markedly  different  solubilities. 

The  greater  part  of  the  precipitate  by  dialysis  consists  of  sphe- 
roids and  represents  the  uncrystallizable  globuUn;  this  is  readily 
soluble  in  1  per  cent  sodium  chloride  solution.  It  also  dissolves 
in  distilled  water  when  the  acid  combined  with  it  has  been  neutral- 
ized.   The  author  beUeves  that  the  name  canavalin,  apphed  by 

1  Jones,  D.  B.,  and  Johns,  CO.,  /.  BioL  Chem,,  1916-17,  xxviii,  67. 
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Jones  and  Johns  to  their  precipitate  by  total  saturation  with 
ammonium  sulfate,  should  be  given  to  this  protein. 

The  minute  amount  of  material  which  cryBtallizes  as  needles 
is  slowly  soluble  in  10  per  cent  salt  solution  and  is  not  dissolved 
by  alkali  until  an  excess  is  present.  The  author  has  named  this 
globulin  concanavalin  B. 

The  third  globulin,  crystallizing  in  bisphenoid  form,  and 
present  in  moderate  amount,  appears  to  be  insoluble  in  any  but 
concentrated  salt  solutions.  The  crystals  when  not  recently 
formed  probably  have  an  outer  layer  of  protean,  and  in  this  case 
will  dissolve  only  in  hot  salt  solution.  If  jack  bean  extracts  are 
covered  with  toluene  and  simply  allowed  to  stand  exposed  to 
the  air  for  several  weeks,  this  protein  is  precipitated  as  beauti- 
fully formed  crystals  having  a  diameter  of  about  0.1  mm.  The 
author  proposes  to  name  this  globulin  concanavalin  A. 

When  jack  bean  extracts  are  subjected  to  dialysis  the  bi- 
sphenoid crystals  (concanavalin  A)  are  precipitated  first,  cana- 
valin  separates  next  as  spheroids,  and  the  needles  (concanavalin 
B)  are  formed  last.  A  partial  separation  of  the  proteins  can  be 
made  by  filtering  off  the  precipitates  as  they  appear,  but  it  is 
better  to  use  the  salt  solutions  named  above.  The  author  has 
never  been  able  to  accomplish  any  satisfactory  separation  by 
salting  out  with  ammonium  sulfate. 

All  three  globulins  give  the  usual  protein  color  and  precipitation 
tests  when  purified  by  several  repetitions  of  dissolving  and  dialyz- 
ing;  after  such  treatment  the  proteins  give  no  Molisch  test  but 
may  still  contain  phosphorus. 

EXPERIMENTAL. 

•  Extraction  of  Globulins, — The  jack  beans  are  ground  as  fine  as 
possible  in  a  coffee  mill,  and  the  meal  is  extracted  over  night  with 
two  and  one-half  times  its  weight  of  distilled  water,  toluene  being 
mixed  in  as  preservative.  While  salt  solutions  extract  somewhat 
more  of  the  proteins,  the  extra  salt  present  considerably  lengthens' 
the  time  of  the  dialysis.  The  wet  meal  is  wrapped  in  cheese-cloth 
and  pressed  in  a  tincture  press.  The  milky  juice  is  filtered  by 
suction  through  a  thick  bed  of  filter  paper  pulp.  A  satisfactory 
filtrate  can  be  obtained  if  the  rim  of  the  mat  is  firmly  pressed 
down  from  time  to  time  during  the  first  part  of  the  filtration. 
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Separation  of  Concanavalin  A. — The  filtrate  is  dialyzed  against 
running  distilled  water,  toluene  being  used  as  preservative  in 
this  as  well  as  in  all  subsequent  dialyses.  The  dialysis  can  be 
regarded  as  finished  when  a  test  portion  of  the  material  in  the 
dialyser,  on  being  filtered  and  added  to  distilled  water  containing 
a  little  dilute  acetic  acid,  gives  no  haziness.  The  precipitate  is 
filtered  oflF  by  suction  on  an  ordinary  filter  paper,  weighed,  and 
stirred  to  form  a  suspension  with  five  times  its  wet  weight  of  dis- 
tilled water.  Enough  saturated  sodium  chloride  solution  is  now 
added  with  stirring  to  give  a  salt  concentration  of  about  10  per 
cent.  The  spheroid  protein  will  dissolve  at  once,  but  th^  needles, 
the  solubility  of  which  depends  upon  size,  and  age,  may  require 
as  much  as  an  hour  for  solution.  Without  waiting  for  this  to 
take  place,  the  material  can  be  immediately  started  filtering  by 
suction  as  the  filtration  will  take  a  long  time.  The  filter  paper 
may  clog  up  and  have  to  be  replaced  by  a  new  one. 

The  insoluble  globulin  remaining  on  the  filter  is  washed  with  10 
per  cent  salt  solution,  transferred  to  a  beaker,  and  dissolved  with 
stirring  in  a  very  small  amount  of  saturated  sodium  chloride  solu- 
tion at  40°C.  Complete  solution  requires  only  a  minute  or  so 
and  can  be  observed  by  microscope.  The  denaturized  protein 
present  is  removed  by  filtration  through  filter  paper  pulp  con- 
tained in  a  small  Buchner  funnel.  If  the  filtrate  is  diluted  with 
distilled  water  and  allowed  to  stand,  or  else  is  dialyzed,  bisphonoid 
crystals  will  be  formed. 

Crystals  can  be  obtained  by  dissolving  concanavalin  A  in  the 
least  possible  amount  of  dilute  ammonium  hydroxide  and  neu- 
tralizing cautiously  with  dilute  acetic  acid;  large  crystals  are 
formed  if  the  original  jack  bean  juice  is  poured  into  distilled  water 
acidified  with  acetic  acid,*  and  allowed  to  stand  a  day  or  so.  Large 
and  perfect  crystals  can  be  formed  by  allowing  solutions  of  the 
protein  containing  considerable  ammonium  sulfate  to  evaporate 
slowly,  but  the  best  method  of  preparing  well  formed  crystals  is 
to  allow  the  original  bean  juice  to  stand,  covered  with  a  thick 
layer  of  toluene,  in  an  open  cyUnder  for  about  1  month.  Pre- 
sumably the  carbon  dioxide  of  the  air  is  slowly  absorbed  by  the 
protein  solution,  with  the  formation  of  the  insoluble  globulin 
salt.  Fig.  1  shows  crystals  prepared  in  this  manner.  Dr.  A.  C. 
Gill  has  been  kind  enough  to  examine  them,  and  has  provisionally 
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declared  them  to  be  ''bisphenoidal  in  shape,  probably  belonging 
to  the  rhombic  system,  optically  biaxial,  with  a  large  optical  angle, 
and  negative  in  optical  character." 

Separation  of  Concanavalin  B  and  Canavalin, — The  filtrate  from 
concanavalin  A,  containing  the  dissolved  spheroids  and  needles, 
is  dialyzed,  and  the  precipitated  proteins  are  filtered  off  by  suc- 
tion and  suspended  in  a  considerable  amount  of  distilled  water. 
Concentrated  sodium  chloride  solution  is  slowly  added  with  stir- 
ring until  all  the  spheroid  globulin  has  dissolved.  The  needles 
are  separated  by  centrifuging,  washed  with  a  little  1  per  cent 
salt  solution,  centrifuged  again,  dissolved  in  10  per  cent  salt  solu- 
tion, filtered  by  suction,  and  again  dialyzed.  Under  favorable 
conditions  many  of  the  needles  formed  by  dialysis  are  large 
enough  to  be  seen  easily  with  the  unaided  eye,  having  a  length 
of  about  2  mm.  When  the  needles  are  treated  with  a  few  drops 
of  0.1  N  ammonium  hydroxide,  they  split  up  transversely,  and 
the  microscope  will  reveal  hexagonal  cross-sections.  Fig.  2  shows 
two  of  these  cross-sections  together  with  some  of  the  partly 
broken  needles. 

With  excess  of  ammonium  hydroxide  the  needles  dissolve  com- 
pletely and  are  reprecipitated  on  adding  acetic  acid.  Mineral 
acids  in  small  concentration  dissolve  the  needles  instantly,  but  in 
higher  concentration  cause  coagulation.  The  needles  stain  well 
with  methyl  violet  after  the  addition  of  a  trace  of  ammonia. 

The  uncrystallizable  canavalin  dissolved  in  dilute  salt  solution 
is  precipitated  by  dialysis,  and  can  be  purified  further  by  redis- 
solving  in  dilute  saline,  filtering  through  filter  paper  pulp,  and 
dialyzing  once  more.  Instead  of  dissolving  the  canavalin  in  salt 
solution,  one  can  suspend  it  in  distilled  water  and  add  dilute 
ammonium  hydroxide  drop  by  drop  until  the  neutral  point  is 
reached.  All  the  canavalin  will  dissolve  before  the  reaction  be- 
comes alkaline.  This  behavior  of  canavalin  shows  it  to  be  a 
globulin  of  the  legume  type. 

CONCLUSION. 

Two  crystalline  globulins  and  one  non-crystalline  globulin 
have  been  isolated  from  the  jack  bean.  A  method  has  been  given 
for  separating  these  globulins,  and  some  of  their  properties  have 
been  described.    More  data  will  be  published  later. 
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The  author  wishes  to  express  his  thanks  to  Dr.  B.  F.  Kingsbury 
for  photographing  the  protein  crystals,  and  to  Dr.  A.  C.  Gill 
for  his  kindness  in  pronouncing  on  the  crystal  fomi  of  concana- 
valin  A. 
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EXPLANATION    OF   PLATE    1. 

Fig.  1.  Bisphenoids  (concanavalin  A).  X  150.  Stained  with  alkaline 
methyl  violet. 

Fia.  2.  Needles  (concanavalin  B).  X  135.  Stained  with  alkaline 
methyl  violet. 
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DO  SEEDLINGS  REDUCE  NITRATES? 

By  J.  DAVIDSON. 

iFrom  the  Laboratory  of  Plant  Chemistry^  Bureau  of  Chemistry ^  Department 

of  Agriculture f  Washington.) 

(Received  for  publication,  November  11, 1918.) 

In  the  course  of  studies  on  the  nitrogen  economy  in  plant 
growth,  particularly  with  reference  to  wheat,  it  was  desired  to 
obtain  some  quantitative  measurements  as  to  the  extent  to  which 
wheat  seedlings  reduce  nitrates  to  nitrites.  It  was  assumed  on  the 
basis  of  the  experiments  of  Laurent^  with  peas,  corn,  lupine,  and 
rye,  which  wore  repeated  by  Schreiner  and  Sullivan  on  wheat,^ 
that  seedlings  possess  certain  principles  in  the  nature  of  reductases 
which  reduce  nitrates  to  nitrites. 


Experiment  I. 

Wheat  seeds  were  germinated  on  a  large  floating  aluminum 
disk.  The  seedlings  at  the  age  of  about  1  or  2  days  were  trans- 
ferred to  smaller  paraffined  wire  netting  disks  to  which  corks 
were  fastened  to  keep  them  afloat  in  small  agateware  pans,  each 
containing  500  cc.  of  sodium  nitrate  solution  of  a  concentration 
of  1,000  parts  per  million.  There-were  eight  pans,  four  with  50 
and  four  with  100  seedlings.  The  determination  of  nitrites  in 
the  solutions  was  begun  the  next  day  after  the  experiment  was 
started  and  was  made  colorimetrically  approximately  every  21 
houi"S.  The  results  are  given  in  Table  I.  As  seen  from  this  table, 
the  quantity  of  nitrites  fluctuated  from  day  to  day  without  any 
regularity.  There  was  no  tendency  for  nitrite  accumulation, 
but  there  was  an  intermittent  rise  and  fall  in  the  nitrite  content. 

*  Laurent,  M.  E.,  ExfkSrienccs  sur  la  reduction  dos  nitrates  par  les 
v6g6taux,  Ann,  Inst,  Pasteur,  1890,  iv,  722. 

*  Schreiner,  O.,  and  Sullivan,  M.  X.,  Studies  in  soil  oxidation,  U.  S, 
Dept,  AgriC',,  Bureau  of  Soils,  Bull,  73,  1910. 
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All  this  could  be  explained  by  the  complexity  of  the  biological 
processes  going  on  at  the  same  time:  simultaneous  reduction  and 
oxidation,  reduction  beyond  the  nitrite  stage,  bacterial  activity, 
etc.  It  was  noted  that  there  was  no  correlation  between  the  num- 
ber of  seedlings  and  the  quantity  of  nitrite  produced,  but  that 
there  was  distinct  correlation  between  the  nitrites  and  the  extent 
to  which  the  seed  portion  of  the  seedlings  came  in  contact  with 
the  solution  in  the  pans,  due  to  the  tilting  of  the  disks  in  the 
solution.  The  more  the  disks  were  tilted  and  the  more  as  a 
consequence  the  seed  itself  came  in  contact  with  the  solution,  the 
larger  was  the  quantity  of  nitrites  found  in  the  respective 
solutions. 

TABLE  I. 

Reduction  of  Nitrates  by  Seedlings  Groum  in  Nitrate  Solution  on  Floating 

Paraffined  Wire  Netting  Disks. 


Pan 

No.  of 
■eed- 
Unci. 

Nitrites  it 

i  parta  per  million. 

No. 

Jan.  30 

81 

Feb.  1 

3 

5 
5.0 

tt 

7 

5.0 

8 
5.0 

0 
8.0 

10 

1 

50 

0.75 

0.5 

0.33 

5.0 

5.6 

6.5 

2 

50 

0.75 

2.0 

2.2 

6.0 

6.0 

8.1 

8.7 

11.2 

19.0 

15.0 

3 

50 

0.87 

2.4 

3.1 

4.0 

5.0 

5.6 

9.4 

11.0 

15.0 

2.2 

4 

50 

0.75 

2.0 

2.2 

4.0 

5.0 

4.5 

2.5 

4.0 

9.0 

3.1 

0 

100 

0.88 

1.4 

Trace. 

3.5 

6.0 

5.0 

2.2 

2.5 

4.0 

2.4 

6 

100 

0  88 

0.8 

(1 

2.0 

4.0 

2.8 

5.0 

4.5 

12.5 

13.1 

7 

100 

0.66 

1.4 

(1 

10.0 

9.4 

9.2 

16.2 

16.0 

16.0 

2.7 

8 

1.0 

4.0 

2.7  ' 

7.0 

10.6 

11.2 

4.5 

6.0 

17.5 

6.0 

This  observation  led  the  writer  to  reopen  the  question  as  to  the 
seat  of  the  reducing  principle,  which  according  to  Laurent^  was 
equally  present  in  the  seed  and  in  the  attached  plantlet. 


Experiment  II. 

Wheat  seeds  were  germinated  on  a  floating  aluminum  disk 
as  before.  50  seedlings  were  placed  in  each  of  two  400  cc.  beakers. 
100  plantlets  were  severed  from  the  mother  seeds.  50  of  the 
severed  seeds  were  placed  in  each  of  two  similar  beakers,  and  50 
of  the  detached  plantlets  were  likewise  placed  in  each  of  two  simi- 
lar beakers.  200  cc.  of  sodium  nitrate  solution  of  a  concentrar 
tion  of  1,000  parts  pei>  million  and  5  cc.  of  toluene  were  added  to 
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each  beaker.  Toluene  was  selected  as  an  antiseptic  because  in 
another  experiment  with  ungerminated  seeds  it  completely  pre- 
vented the  formation  of  nitrites  in  a  nitrate  solution.  The  reduc- 
tion of  nitrates  by  ungerminated  seeds  is  assumed  to  be  due  to 
bacterial  activity. 

The  beakers  were  covered  with  watch-glasses  and  were  allowed 
to  stand  at  room  temperature  for  24  hours:  The  respective  solu- 
tions were  then  tested  quaUtatively  for  nitrites.  Appreciable 
quantities  of  nitrites  were  found  in  the  beakers  containing  the 
whole  seedlings  and  also  in  those  containing  the  detached  seed. 
No  nitrites  were  found  in  the  beakers  containing  the  detached 
plantlets. 

This  led  to  the  conclusion  that  the  seat  of  the  reducing  princi- 
jde,  at  least  in  wheat  seedlings,  is  exclusively  in  the  mother  seed 
attached  to  the  young  seedling. 

Experiment  III. 

This  experiment  was  set  up  to  obtain  quantitative  measure- 
ments. Particular  precautions  were  taken  in  producing  the  nec- 
essary seedlings.  The  aluminum  disk  and  the  pans  were  im- 
mersed in  a  solution  of  bichloride  of  mercury  (1:1,000)  for 
about  2  minutes.  The  seeds  were  soaked  in  a  solution  of  bi- 
chloride of  mercury  (1: 1,000)  for  20  minutes.  The  seed,  pans, 
and  disks  were  washed  with  sterile  water.  The  pan  was  filled 
with  sterile  water,  and  a  sterile  pan  was  inverted  over  the  pan 
containing  the  floating  disk  and  the  seed. 

When  the  seedlings  were  ready  for  use  they  were  gently  washed 
by  decantation  with  water  satiu^ated  with  toluene.  The  experi- 
ment was  then  carried  out  in  the  same  way  as  in  Experiment  II, 
differing  only  to  the  extent  that  Erlenmeyer  flasks  instead  of 
beakers  were  used  as  containers.  The  Erlenmeyer  flasks  were 
stoppered  with  cotton  plugs  and  sterile  rubber  stoppers. 

No  nitrites  were  found  in  any  of  the  solutions  containing  the 
detached  plantlets,  the  detached  seeds,  or  the  whole  seedlings. 
No  nitrites  were  found  in  any  of  these  solutions  after  standing  a 
week.  A  determination  of  nitrates  showed  the  amount  of  ni- 
trate in  the  solution  practically  unchanged. 

The  only  possible  conclusion  from  this  experiment  was  that 
wheat  seedlings  do  not  possess  any  principles  reducing  nitrates  to 
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nitrites.  The  failure  to  produce  nitrites  could  not  be  ascribed  to 
the  toluene,  for  when  no  extraordinary  precautions  were  taken 
in  obtaining  the  seedlings,  the  whole  seedlings  and  the  detached 
mother  seeds  did  produce  nitrites  with  toluene.  It  could  not  be 
ascribed  further  to  the  previous  treatment  of  the  seed  with  bi- 
chloride of  mercury,  since  the  seed  did  not  fail  to  germinate  and 
since  this  treatment  did  not  prevent  the  production  of  nitrites 
under  the  experimental  conditions  of  Laurent. 

The  nitrites  produced  in  Experiment  II  were  evidently  due  to 
bacterial  action.  It  would  seem  as  though  the  same  might  also 
be  said  of  the  experiments  of  Laurent  and  especially  of  the  experi- 
ment of  Schreiner  and  Sullivan  since  they  worked  with  wheat 
It  is  a  fair  assumption  that  their  precautions  were  not  sufficient 
to  guard  against  bacterial  contamination. 

The  que43tion  arises  why  toluene  prevented  the  production  of 
nitrites  in  a  nitrate  solution  with  ungerminated  seed,  and  why  it 
did  not  prevent  the  formation  of  nitrites  in  Experiment  II.  A 
possible  explanation  is  that  the  reducing  organism  works  its  way 
into  the  interior  of  the  storage  products  of  the  seed,  and  it  is  thus 
protected  against  the  action  of  the  antiseptic.  Or  it  is  possible 
that  some  of  the  organic  products  originally  present  in  the  re- 
serve material  or  formed  during  the  process  of  germination  are 
exuded  into  the  solution  and  protect  the  reducing  organisms  against 
the  antiseptic  action  of  the  toluene. 

Experiment  IV. 

The  question  further  arose  why  the  toluene  prevented  the  for- 
mation of  nitrites  in  the  solution  with  the  detached  plantlets  in 
Experiment  II.  Was  it  because  they  did  not  furnish  any  food 
materials  for  the  reducing  organisms  or  because  they  did  not  oflFer 
the  hypothetical  protection  against  the  antiseptic  mentioned 
above?  « 

To  answer  this  question  Experiment  IV  was  carried  out.  Grow- 
ing wheat  seedlings  were  placed  in  the  nitrate  solution  in  such 
a  way  as  to  prevent  any  contact  of  the  seed  attached  to  the 
seedling  with  the  experimental  nitrate  solution. 

Tumblers  of  about  250  cc.  capacity  were  used.  They  were 
covered  with  paraffined  paper  in  which  small  holes  were  made 
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with  a  pointed  glass  rod.  The  rootlets  of  the  wheat  seedlings, 
obtained  from  iinsteriUzed  seed  and  without  any  precautions, 
were  introduced  through  holes  in  the  paper  covers  into  the  tum- 
blers filled  with  the  sodium  nitrate  solution,  so  that  the  seed  and 
plumide  rested  on  the  paraffined  paper  without  coming  in  contact 
vith  the  solution  at  all.  No  precautions  of  any  kind  were  taken 
to  prevent  bacterial  contamination  during  the  entire  period  of 
the  experiment,  which  lasted  about  a  week. 

Only  sUght  traces  of  nitrites  were  developed  during  the  entire 
week.  These  traces  may  be  safely  disregarded.  The  reason  that 
suggests  itself  is  that  the  reducing  organisms  could  not  de- 
velop in  the  solution  owing  to  the  fact  that  the  roots  did  not 
furnish  enough  foodstuffs  for  their  growth.  This  experiment 
showed  more  clearly  than  any  of  the  others  that  growing  wheat 
seedlings  do  not  reduce  nitrates  to  nitrites. 

Experiment  V. 

The  next  natiu*al  step  was  to  test  the  nitrate-reducing  ability 
of  some  other  seedlings.  Seedlings  of  barley,  corn,  oats,  rye, 
and  rice  were  obtained  in  the  manner  described  above.  Some 
were,  obtained  from  seeds  previously  sterilized  with  bichloride  of 
mercury,  and  some  without  previous  sterilization.  The  experi- 
ment was  carried  out  essentially  as  in  Experiment  III.  There 
were  four  Erlenmeyer  flasks  for  each  cereal;  two  contained  seed- 
lings obtained  from  sterilized  seeds  and  two  seedlings  from  non- 
sterile  seeds.  In  each  case,  to  one  of  the  two  Erlenmeyer  flasks 
toluene  was  added  as  an  antiseptic,  the  other  being  allowed  to 
stand  without  any  antiseptic.  The  tests  were  continued  for 
about  10  days. 

The  addition  of  toluene  completely  prevented  the  formation  of 
nitrites  in  every  case  when  the  seedlings  were  obtained  from  ster- 
ilised seed,  except  in  the  case  of  rice  where  a  maximum  of  2 
parts  per  million  of  nitrites  was  observed.  The  previous  sterili- 
sation of  the  seed  was  probably  less  effective  in  the  case  of  the 
rice,  due  to  its  tight  seed  coats.  The  addition  of  toluene  to  the 
seedlings  obtained  from  seed  not  previously  sterilized,  did  not 
prevent  the  formation  of  nitrites  but  inhibited  it  considerably. 
The  nitrites  formed  ranged  from  1.2  to  3.2  parts  per  million.     The 
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highest  amount  was  again  fonned  by  the  rice  seedlings.  The  pre- 
vious steriUzation  of  the  seed  without  the  addition  of  toluene  pre- 
vented the  formation  of  nitrites  for  24  hours  only  in  the  com, 
but  it  retarded  the  formation  of  nitrites  in  every  case.  The  ni- 
trites for  the  first  24  hours  ran  from  5  to  20  parts  per  million, 
while  in  the  seedlings,  which  were  obtained  without  previous 
sterilization  of  the  seed,  the  nitrites  ranged  from  8  to  70  parts  per 
million. 

These  data  would  suggest  the  general  conclusion  that  growing 
seedlings  do  not,  as  a  part  of  their  metabolic  processes,  reduce 
the  nitrates  in  the  outside  medium  in  which  they  are  growing. 

The  writer  is  indebted  to  Dr.  J.  A.  LeClerc  for  valuable  sug- 
gestions. 


GLOBULIN  OF  THE  COCOANUT,  COCOS  NUCIFERA. 

L    PREPARATION  OF  COCOANUT  GLOBULIN.     DISTRIBUTION  OF 
THE  BASIC  NITROGEN  IN  COCOANUT  GLOBULIN. 

By  CARL  O.  JOHNS,  A.  J.  FINKS,  and  C.  E.  F.  GERSDORFF. 

{From  the  Protein  Investigation  LaborcUoryj  Bureau  of  Chemistry^  Depart* 

ment  of  Agrictdturef  Washington,) 

(Received  for  publication,  November  18,  1918.) 

The  use  of  the  cocoanut,  Cocoa  nuciferay  and  cocoanut  products 
has  increased  considerably  in  the  United  States  in  recent  years. 
The  fleshy  endosperm  is  employed  in  a  variety  of  ways  by  bakers 
and  confectioners  and  also  serves  as  a  source  of  cocoanut  oil. 
Before  it  was  foimd  necessaiy  to  divert  tonnage  for  other  uses, 
large  quantities  of  copra  were  brought  into  this  country  for  the 
preparation  of  cocoanut  oil,  and  it  is  probable  that  its  importation 
will  be  resumed  as  soon  as  the  necessaiy  tonnage  is  again  available. 
C!opra  is  prepared  by  removing  the  endosperm  or  cocoanut  meats 
from  the  shells  and  then  drying  them  in  the  sun  or  by  means  of 
artificial  heat.  It  is  then  pressed  to  remove  as  much  of  the  oil 
as  possible.  The  residue  or  press  cake,  which  contains  about  20 
per  cent  of  protein  (N  X  6.25)  is  ground  and  used  as  a  cattle  food. 

The  principal  protein  of  the  cocoanut  endosperm  is  a  globulin 
which  has  been  studied  by  Ritthausen  (1),  Kirkwood  and  Gies  (2), 
Chittenden  (3),  and  by  Osborne  and  his  coworkers  (4).  Osborne 
and  Harris  (5)  studied  the  distribution  of  the  nitrogen  in  cocoa- 
nut  globulin  by  Hausmann^s  method  and  obtained  the  following 
results: 

per  cent 

Amide  nitrogen 1 .  36 

Humin       "       0. 14 

Basic          "       6.06 

Non-basic  nitrogen 10. 92 

So  far  as  we  are  aware,  no  previous  attempts  have  been  made 
to  ascertain  the  distribution  of  the  amino-acids  in  cocoanut  glob- 
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ulin.    We  have  prepared  the  globulin  and  found  the  distribution 
of  the  basic  amino-acids  by  Van  Slyke's  (6)  method  to  be  as  follows: 

A  minO'A  cid,  per  cent 

Cystine 1 .  44 

Arginine 15.92 

Histidine 2.42 

Lysine 5.80 

Tryptophane Present. 

The  percentage  of  free  amino  nitrogen  in  the  unhydrolyzed  pro- 
tein was  also  obtained  using  the  method  of  Van  Slyke  and  Birch- 
ard  (7).  This  was  found  to  be  3.68  per  cent,  which  is  in  fair 
agreement  with  one-half  of  the  lysine  nitrogen  (3.21  per  cent),  as 
found  in  the  hydrolysate  of  the  protein.  The  value  for  cystine 
is  of  course  low  since  some  of  the  cystine  is  decomposed  during 
the  hydrolysis  of  the  protein  with  hydrochloric  acid.  These  re- 
sults indicate  that  cocoanut  globulin  contains  all  the  basic  amino- 
acids  necessary  for  maintenance  and  growth.  This  assumption  is 
borne  out  by  the  results  of  nutrition  experiments  in  which  cocoa- 
nut  globidin  was  the  only  source  of  protein  in  the  diet  for  a  pro- 
longed period  during  which  normal  growth  was  obtained.  The 
nutrition  experiments  will  be  published  later.  A  complete  hy- 
drolysis of  cocoanut  globulin  is  also  in  progress. 

In  order  to  obtain  the  large  quantities  of  cocoanut  globulin 
needed  for  hydrolysis  and  for  nutrition  experiments,  it  was  nec- 
essary to  devise  a  method  that  would  not  be  too  laborious  or  time- 
consuming.     This  method  is  described  below. 

EXPERIMENTAL. 

Preparation  of  Cocoanut  Press  Cake, — The  fresh  cocoanuts  were 
punctured  and  the  milk  was  drained  out.  The  shells  were  then 
removed  and  the  endosperm  was  cut  into  slices.  These  were 
dried  in  a  vegetable  drying  machine  through  which  circulated  a 
current  of  air  heated  to  50^C.  The  oil  was  then  removed  as  thor- 
oughly as  possible  by  means  of  an  oil  press  of  the  expeller  tjrpe. 
The  resulting  press  cake  was  groiuid  to  a  coarse  meal,  which  con- 
tained 21.5  per  cent  of  protein  (N  X  6.25). 

Preparation  of  Cocoanut  Globulin. — About  2.5  kilos  of  the  co- 
coanut meal  were  thoroughly  mixed  with  20  liters  of  a  10  per  cent 
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sodium  chloride  solution  and  this  mixture  was  allowed  to  stand 
for  about  a  week  at  1-3°C.  in  order  to  complete  the  extraction  of 
the  globulin.  The  mixture  was  then  pressed  in  muslin  sacks  by 
means  of  a  powerful  press.  The  resulting  turbid  extract  was 
again  mixed  with  2.5  kilos  of  meal  and  allowed  tcT  stand  for  a 
week  at  1-3°C.  The  liquid  was  then  pressed  out  as  just  de- 
scribed and  filtered  clear  through  paper  pulp.  The  clear  extract 
was  dialyzed  in  parchment  bags  against  running  water  for  7  to 
10  days  to  remove  chlorides.  The  globulin,  which  precipitated 
in  a  compact  mass,  was  washed  once  by  decantation  wifli  dis- 
tilled water.  It  was  then  mixed  with  about  50  per  cent  alcohol 
and  filtered  off  on  a  hardened  filter,  using  suction.  The  globulin 
was  then  disintegrated  and  suspended  in  absolute  alcohol.  After 
sfianding  for  about  12  hours  it  was  filtered  off  on  a  hardened  filter 
and  suspended  in  absolute  ether.  After  standing  in  the  ether 
over  night  it  was  filtered  off  as  described  above.  The  resulting 
globulin  was  placed  in  a  vacuum  desiccator  over  sulfuric  acid  to 
remove  the  ether.  It  was  finally  dried  in  a  vacuum  oven  the  tem- 
perature of  which  was  gradually  raised  to  110°C.  The  protein 
was  then  ground  to  a  fine  powder  in  a  mortar.  The  yield  was  10 
per  cent. 

Distribution  of  the  Basic  Nitrogen  in  Cocoanut  Globulin  by  Van 
Slyke's  Method, — Two  3  gm.  samples  of  the  protein  were  hydro- 
lyzed  for  28  hours  by  boiling  each  sample  in  100  cc.  of  20  per 
cent  hydrochloric  acid.  Each  sample  was  equivalent  to  2.7957 
gm.  of  moisture-  and  ash-free  protein  and  contained  0.4860  gm. 
of  nitrogen.  The  phosphotungstates  of  the  bases  were  decom- 
posed by  the  amyl  alcohol-ether  method  (8).  The  results  of  the 
analyses  are  recorded  in  Tables  I  and  II. 

Determination  of  the  Free  Amino  Nitrogen  in  Cocoanut  Globu- 
lin,— About  2  gm.  of  freshly  prepared  protein  were  redissolved  in  50 
cc.  of  5  per  cent  sodium  chloride.  The  free  amino  nitrogen  was 
determined  in  duplicate  in  the  usual  manner  using  the  Van  Slyke 
micro-apparatus.  Caprylic  alcohol  was  used  to  prevent  foaming 
and  a  correction  was  made  for  the  gas  evolved  by  reagents  used. 
The  results  are  recorded  in  Table  III. 
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TABLE  I. 
Analysis  of  Cocoanut  Globulin  (Van  Slyke  Method), 

Aver- 


Amide  N 

Humin  N  adsorbed  by  lime 

Humin  N  in  amyl  alcohol  extract 

Cystine  N 

Arginine  N 

Histidine  N 

L3r8ine  N 

Amino  N  of  filtrate 

Non-amino  N  of  filtrate 

Total  N  regained* 


I 

II 

I 

II 

gtn. 

gm. 

SMT  cent 

p«r  cent 

0.0385 

0.0391 

7.92 

8.05 

0.0063 

0.0074 

1.30 

1.53 

0.0006 

0.0004 

0.12 

0.09 

0.0044 

0.0049 

0.91 

1.01 

0.1436 

0.1432 

29.55 

29.46 

0.0169 

0.0189 

3.48 

3.89 

0.0333 

0.0291 

6.84 

5.99 

0.2243 

0.2174 

46.15 

44.73 

0.0155 

0.0292 

3.19 

6.01 

0.4834 

0.4896 

99.46 

100.76 

per  cent 
7.99 

1.41 
0.11 
0.96 

29.50 
3.68 
6.41 

45.44 
4.60 

100.10 


*  Total  nitrogen  corrected  for  solubility  of  bases. 


TABLE  II. 
Basic  AtninO'Acids  in  Cocoanut  Globtdin. 


Cystine . . 
Arginine. 
Histidine 
Lysine . . . 


percent 

1.35 

15.94 

2.28 

6.19 


II 


percent 

1.53 

15.90 

2.55 

5.41 


percent 

1.44 

15.92 

2.42 

5.80 


TABLE  III. 


Free  Amino  Nitrogen  of  Cocoanut  Globulin  Compared  with  the  Lysine 

Nitrogen. 


ToUl  N  in 
2  ec. 

N  gas  from 
2oc. 

Pressure. 

Tempera- 
ture. 

Amino  N  in 
2cc. 

Ratio  of 

amino  N  to 

total  N. 

One-half 

lysine  N  by 

Van  Slyke 

method. 

mg. 

12.01 
12.01 

ce. 

0.76 
0.82 

mm. 

759 
757 

•c. 

24 
23 

mg. 
0.424 
0.458 

percent 

3.53 
3.83 

percent 
3.21 
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SUMMARY. 

1.  A  detailed  method  for  the  preparation  of  eocoanut  globulin 
is  described. 

2.  The  basic  amino-acids  of  the  eocoanut  globulin  were  de- 
termined by  the  Van  Slyke  method  of  analysis. 

3.  The  free  amino  nitrogen  was  determined  and  found  to  equal 
nearly  one-half  the  lysine  nitrogen  as  determined  in  the  Van 
Slyke  analysis. 
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SUPPLEMENTARY  RELATIONSfflPS  BETWEEN  THE 
PROTEINS  OF  CERTAIN   SEEDS. 

By  E.  V.  McCOLLUM,  N.  SIMMONDS,  and  H.  T.  PARSONS. 

(From  the  Laboratory  of  Chemical  Hygiene^  School  of  Hygiene  and  Public 
Healthy  Johns  Hopkins  University ,  Baltimore.) 

(Received  for  publication,  November  26,  1918.) 

It  is  well  established  that  the  proteins  from  different  sources 
differ  greatly  in  their  values  for  the  support  of  growth.  Gelatin 
fails  to  maintain  nitrogen  equiUbrium  when  it  serves  as  the  sole 
source  of  protein  in  the  diet  of  an  animal,  and  since  this  protein 
fails  to  give  certain  of  the  amino-acid  color  reactions  which  are 
recognized  as  tests  for  the  presence  of  protein,  the  faulty  char- 
acter of  gelatin  from  th^  dietary  standpoint  was  correctly  attrib- 
uted to  the  lack  of  tryptophane,  tyrosine,  and  cystine.  The 
development  of  analytical  methods  for  the  approximate  deter- 
mination of  several  of  the  amino-acids  which  result  from  the 
hydrolysis  of  proteins  led  to  the  acciunulation  of  evidence  that 
there  are  great  differences  in  the  yields  of  the  several  cleavage 
products  into  which  the  food  proteins  are  resolved  in  digestion, 
and  accordingly  the  conclusion  was  accepted  that  there  prob- 
ably existed  marked  differences  in  the  nutritive  values  of  the  pro- 
teins of  our  several  natural  foodstuffs.  This  was  demonstrated 
to  be  true  for  a  niunber  of  isolated  proteins  by  Osborne  and 
Mendel  (l).  They  conducted  experiments  which  showed  that 
the  isolated  proteins  from  many  different  sources  vary  greatly 
in  their  nutritive  value.  Their  diets  were  not  so  planned  as  to 
make  the  results  a  measure  of  the  relative  values  of  the  proteins 
studied. 

In  each  of  the  natural  foodstuffs  of  both  animal  and  vegetable 
origin,  there  always  occurs  a  complex  mixture  of  proteins  which 
in  most  cases  differ  markedly  from  each  other  both  in  solubiUty 
and  in  the  proportions  of  the  different  amino-acids  which  can 
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be  obtained  from  them  on  hydrolysis.  It  seemed  probable  that 
such  mixtures  of  proteins  should  supplement  each  other  so  as  to 
make  the  differences  in  the  values  of  the  different  kinds  of  food 
with  respect  to  protein  less  marked  than  in  the  isolated  pro- 
teins themselves,  and  experimental  trial  has  supported  this  view. 
The  protein  mixture  of  any  one  of  the  seeds,  tubers,  and  other 
vegetable  foods,  which  have  been  studied  by  satisfactory  meth- 
ods, have  been  foimd  complete  biologicaUy,  in  that  they  furnish 
when  digested  aU  the  cleavage  products  which  are  required  for 
the  construction  of  new  body  tissues.  The  differences  in  the 
values  of  the  different  natural  foods  with  respect  to  protein 
depend  therefore  on  quantitative  variations.  We  have  studied 
the  protein  values  of  all  the  more  important  seeds  (2),  and  the 
potato  as  a  representative  of  the  tubers  (3),  and  can  compare  these 
with  milk,  which  has  proved  to  be  one  of  the  best  sources  of  pro- 
teins of  high  quaUty  (4) .  It  is  not  possible  by  chemical  methods  to 
obtain  data  of  sufficient  accuracy  for  comparing  the  values  of  the 
proteins.  This  is  true  because  there  are  several  amino-acids 
which  cannot  be  determined  beyond  simple  quaUtative  detection. 
The  biological  method  for  the  analysis  of  a  foodstuff  which  was 
described  by  McCollum  and  Davis  in  1915  (5)  made  it  possible 
to  determine  with  considerable  accuracy,  not  only  the  com- 
parative values  of  the  proteins  in  individual  foodstuffs,  but  also 
the  value  of  a  food  with  respect  to  each  of  its  dietary  factors. 
The  comparison  of  the  proteins  from  different  sources  warrants 
the  following  conclusions. 

1.  The  best  proteins  for  the  support  of  growth  in  the  rat  are 
those  of  milk  and  of  eggs.  Meats  likewise  apparently  furnish 
proteins  of  relatively  high  value  (6),  but  these  have  not  been  suffi- 
ciently investigated.  Recent  experiments  by  Drummond  (7) 
indicate  that  the  coagulable  protein  of  fish  muscle  has  a  relatively 
high  value  for  the  support  of  growth. 

2.  The  proteins  of  the  cereal  grains  have  approximately  one- 
third  to  one-half  the  value  of  the  proteins  of  milk  for  the  support 
of  growth  or  maintenance  in  the  rat.  Experiments  with  grow- 
ing pigs  indicate  that  as  much  as  63  per  cent  of  the  protein  of 
milk  can  be  retained  for  the  construction  of  new  body  tissue 
whereas  the  proteins  of  the  cereal  grains  can  be  retained  only  to 
the  extent  of  20  to  26  per  cent  (8). 
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3.  The  proteins  of  the  pea  (9)  and  the  navy  bean  (10)  have 
apparently  about  one-half  the  dietary  value  for  the  support  of 
growth  in  the  rat  that  has  been  observed  for  the  proteins  of  the 
cereal  grains.  We  cannot  as  yet  state  whether  the  exact  value 
indicated  for  the  proteins  of  the  navy  bean  should  be  accepted  as 
final.  It  is  possible  that  a  cause  contributing  to  the  animals' 
failure  to  develop  was  the  extensive  fermentation  of  hemicel- 
luloses  which  are  contained  in  the  bean,  and  which  beyond  ques- 
tion caused  injury  to  the  alimentary  tract  through  constant  and 
extensive  dilatation.  This  factor  is  not  responsible  for  a  false 
conclusion  regarding  the  poor  quality  of  the  navy  bean  proteins, 
for  we  have  fed  beans  at  lower  planes  of  intake  and  have  in 
these  experiments,  in  great  measure,  eliminated  fermentation  as  a 
serious  factor.  These  results  confirm  the  view  that  the  proteins 
are  actually  of  low  value,  but  possibly  are  slightly  better  than 
the  growth  curves  indicate.  The  proteins  of  the  soy  bean  are 
distinctly  better  than  those  of  the  navy  bean  or  the  pea,  but  soy 
bean  proteins  appear  to  be  no  better  for  the  support  of  growth 
than  are  those  of  the  cereal  grains.  The  soy  bean  contains  about 
three  times  as  much  protein  as  do  the  cereal  grains  and  can  be 
fed  at  high  planes  of  intake  without  evidence  of  the  presence  of 
anything  injurious,  and  therefore  appears  from  the  results  of 
certain  feeding  experiments  to  be  of  excellent  quaUty  (11),  but 
when  fed  in  amounts  which  furnish  such  planes  of  protein  intake 
as  can  be  secured  with  cereal  grains,  and  properly  supplemented 
in  all  respects,  the  proteins  of  this  bean  appear  to  be  of  no  greater 
biological  value  than  are  those  of  wheat,  oats,  or  com. 

4.  Certain  proteins  are  deficient  in  one  or  more  of  the  essential 
amino^acids  and  are,  therefore,  incapable,  when  fed  as  the  sole 
source  of  protein,  of  inducing  any  growth  whatever  in  a  young 
animal.  These  proteins  do,  however,  possess  remarkable  values 
as  supplementary  sources  of  amino-acids  for  certain  vegetable 
proteins,  and  thereby  greatly  enhance  their  values  for  the  sup- 
port of  growth.  Thus  McCollum  and  coworkers  (12)  found 
gelatin  or  zein  to  be  of  great  value  when  fed  with  the  proteins  of 
the  oat  kernel.  Neither  are  of  appreciable  value  when  fed  as 
supplements  to  the  proteins  of  the  corn  kernel.  Gelatin  is  an 
excellent  supplement  to  the  proteins  of  the  wheat  kernel,  but 
zein  does  not  enhance  the  value  of  wheat  proteins  to  an  extent 
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which  could  be  demonstrated  by  their  experiments.  Zein, 
however,  supplements  the  proteins  of  the  pea  in  a  very  satisfac- 
tory manner  (9). 

Osborne  and  his  coworkers  have  described  the  results  of  the 
appUcation  of  the  Fischer  ester  method  for  the  determination  of 
the  individual  amino-acids  to  niunerous  proteins  of  both  animal 
and  vegetable  origin  (13).  These  values,  while  not  in  most 
instances  actually  quantitative  in  nature,  show  clearly  that  there 
are  wide  variations  in  the  yields  of  the  digestion  products,  the 
amino-acids  in  proteins  from  different  sources.  From  such 
studies  the  deduction  is  warranted  that  when  two  or  more  natural 
foodstuffs,  each  of  which  contains  proteins  not  possessing  high 
values  for  the  support  of  growth,  are  fed  together,  it  is  probable 
that  they  will  in  some  degree  supplement  each  other's  deficiencies, 
because  of  one  furnishing  somewhat  more  of  that  amino-acid 
which  in  the  other  forms  the  limiting  factor  for  the  support  of 
growth. 

In  former  papers  we  have  thrown  some  light  on  the  supple- 
mentary relationship  between  the  proteins  of  certain  seeds  (14) 
and  between  gelatin  and  the  proteins  of  certain  seeds  (12).  The 
present  paper  is  descriptive  of  further  experiments  in  the  same 
direction.  Chemical  methods  when  applied  to  proteins  have 
contributed  greatly  to  the  advancement  of  theory,  but  the  data 
regarding  the  supplementary  relationships  among  the  proteins 
from  different  sources  must  be  obtained  by  actual  observations 
on  growth  or  maintenance  of  animals.  The  biological  method 
for  comparing  the  relative  values  of  the  proteins  from  certain 
sources  has  yielded  results  very  different  from  the  results  of 
chemical  investigations  of  the  same  proteins.  The  proteins  of 
the  pea  and  navy  bean  appear  from  the  quantitative  chemical 
data  available  to  be  better  constituted  than  are  those  of  the 
important  cereal  grains,  but  feeding  experiments  on  growing 
animals  show  the  legume  seeds  to  be  inferior  to  these.  In  the 
present  studies  we  have  sought  to  find  the  relative  values  of 
mixtures  of  proteins  derived  from  two  seeds,  one  furnishing  one- 
third  and  the  other  two-thirds  of  the  total  protein  of  the  food 
mixture. 

Our  studies  of  the  dietary  properties  of  the  more  important 
seeds  have  shown  that  when  each  of  these  is  supplemented  with 
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purified  food  additions  so  as  to  make  it  satisfactory  for  the  sup- 
I)ort  of  growth  at  the  optimum  rate>  except  with  respect  to  the 
protein  factor  which  is  not  supplemented,  a  content  of  protein 
-equivalent  to  9  per  cent  of  the  dry  matter  in  the  diet  suffices  to 
maintain  growth  at  rates  varying  from  less  to  more  than  half 
the  rate  at  which  the  young  rat  is  capable  of  growing.  In  such 
experiments  as  we  are  considering  the  seed  is  supplemented  with 
respect  to  both  certain  salts  and  fat-soluble  A,  since  it  ha43  been 
demonstrated  that  aside  from  the  quality  of  the  proteins  as  a 
limiting  factor  in  the  seeds  these  two  are  the  only  factors  which 
require  modification  in  order  to  complete  the  seed  from  the 
dietary  standpoint. 

In  our  studies  relating  to  the  special  properties  of  our  natural 
foodstuffs,  we  recognize  the  limitations  of  our  experimental 
methods.  When  an  animal  in  infancy  is  fed  a  diet  unsatisfactory 
in  any  respect,  it  does  the  best  it  can  imder  the  circumstances. 
There  is  a  variable  factor  in  the  vitality  with  which  the  individual 
is  bom,  which  in  some  measure  will  determine  its  ability  to  utilize 
food  faulty  in  any  respect.  Only  in  this  way  can  we  accoimt  for 
the  great  variation  in  the  ability  of  several  individuals  in  the 
same  experimental  group  to  grow  on  the  same  diet.  Since  it  is 
not  possible  to  determine  the  extent  to  which  any  individual 
possesses  natural  vigor,  an  experiment  should  be  conducted  with 
aeveral  animals  so  that  one  or  more  will  be  of  great  vitality. 
The  elimination  of  the  imfit  in  the  breeding  stock  is  important 
for  this  reason. 

When  the  faults  of  a  diet  are  of  a  certain  degree  of  magnitude, 
animals  with  a.  fair  amoimt  of  vigor  may  grow  at  the  normal  rate 
and  reach  full  adult  size  and  yet  not  be  in  a  state  of  optimimi 
physiological  well  being.  If  continued  on  such  diets,  they  may 
be  tardy  in  maturing  sexually,  or  may  be  capable  of  but  a  frac- 
tion of  the  fertiUty  of  the  vigorous,  well  nourished  individual. 
It  has  likewise  become  apparent  that  animals  which  have  grown 
at  a  satisfactory  rate,  appear  vigorous,  and  produce  a  few 
young  at  or  near  the  usual  age,  may  fail  to  maintain  fertiUty  to 
the  age  normal  for  the  species.  In  all  cases  where  the  diet  is 
below  the  optimum  in  character  the  signs  of  involution  character- 
istic of  old  age  appear  earlier  than  in  the  well  nourished.  Since 
these  several  variations  from  the  normal  in  the  usual  functions 


160  Proteins  of  Seeds 

of  the  adult  animal  serve  as  valuable  criteria  as  to  the  state  of 
nutrition  and  are  more  refined  than  the  simple  observation  of  the 
growth  curve,  we  have  extended  our  observations  in  recent  3rears 
to  include  them. 

Another  test  of  great  value  in  determining  the  adequacy  of  a 
diet  is  to  observe  the  ability  of  the  mother  to  nourish  success- 
fully a  Utter  of  young  reduced  to  a  standard  nimaber  (15).  The 
nutritive  imdertaking  of  the  mother  rat  with  about  four  yoimg  is 
sufficient  to  cause  failure  in  weaning  them  successfully  within  30 
days  if  there  is  anything  radically  wrong  with  her  diet.  With 
minor  degrees  of  deficiency  from  any  cause  the  growth  of  the 
yoimg  will  be  retarded  or  suspended.  In  the  present  studies  we 
have  made  observations  on  all  these  criteria,  in  order  to  estimate 
as  accurately  as  possible  the  relative  values  of  the  proteins  of  the 
different  rations  in  those  cases  where  a  comparison  of  the  growth 
curves  of  the  experimental  animals  would  show  no  differentiation 
in  the  state  of  nutrition  for  animals  of  different  groups. 

The  rates  of  growth  secured  on  9  per  cent  of  protein  from  each 
of  several  seeds,  properly  supplemented  with  respect  to  inorganic 
salts  and  fat-soluble  A,  are  shown  in  Chart  1.  This  chart  shows 
that  much  better  growth  was  secured  with  a  ration  similarly  con- 
stituted  but  containing  8  per  cent  of  protein  from  milk  powder 
than  with  9  per  cent  of  protein  from  wheat,  rye,  maize,  flaxseed, 
barley,  oat,  or  kafir,  and  that  in  a  mixture  of  rye  and  flaxseed,  in 
which  rye  furnished  protein  equal  to  6  per  cent  and  flaxseed 
furnished  half  as  much,  protein  was  secured  which  has  superior 
biological  value  to  an  equivalent  amount  of  protein  from  any 
single  variety  of  seed  yet  examined.  Indeed  it  appears  that  rye 
and  flaxseed  proteins  in  this  proportion  are  nearly  if  not  quite 
equal  in  value  for  growth  to  the  proteins  of  milk.  This  con- 
clusion is  tentative  and  must  be  confirmed  by  further  reproduc- 
tion records,  as  well  as  by  observations  on  the  rate  at  which 
animals  fed  comparable  amounts  of  protein  from  the  several 
sources  here  compared  develop  the  characteristics  of  old  age. 

The  value  which  such  studies  have  both  in  human  nutrition 
and  animal  production  can  be  readily  understood.  We  now  fully 
imderstand  the  nature  of  the  supplements  which  must  be  added 
to  a  mixture  of  seeds  in  order  to  render  it  complete  from  the  dietary 
standpoint,  and  also  that  when  such  mixtures  are  supplemented 
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with  respect  to  all  other  factors,  the  rate  of  growth  will  be  deter- 
mined solely  by  the  extent  to  which  the  proteins  of  the  food  can 
be  transformed  into  body  proteins.  It  is  therefore,  of  funda- 
mental importance  that  we  should  know  just  what  foodstuffs 
when  combined  give  mixtures  whose  proteins  make  good  each 
other's  deficiencies,  and  to  what  extent,  in  order  that  we  may 
make  the  best  use  of  our  foodstuffs.  The  character  of  the  curves 
shown  in  the  charts  makes  evident  the  extent  to  which  economic 
loss  may  result  from  feeding  wrong  combinations  of  foodstuffs 
in  animal  production. 

We  have  shown  by  numerous  experiments,  both  with  growing 
yoimg  and  with  adult  animals,  that  a  Uberal  supply  of  all  dietary 
factors  over  maintenance  requirements  supports  well  being  better 
than  does  a  parsimonious  supply  (16).  It  is  desirable  to  have 
definite  information  as  to  whether  optimmn  nutrition  can  be 
secured  equally  as  well  with  certain  relatively  low  planes  of  pro- 
tein intake,  where  the  protein  is  of  excellent  quality,  as  with 
proteins  of  lower  value  fed  in  higher  planes  according  to  their 
relative  worth  for  transformation  into  tissue  proteins.  To 
determine  this  we  shall  present  data  later  on  the  comparative 
value?  of  mixtures  of  proteins  derived  from  multiple  sources. 
It  is  not  possible  to  answer  the  question  as  to  how  much  protein 
we  need  for  the  most  satisfactory  promotion  of  human  nutrition 
imtil  we  know  the  quantitative  supplementary  values  of  all  the 
combinations  of  the  important  types  of  foodstuffs,  and  have 
determined  by  experiments  upon  animals  the  plane  of  protein 
intake  of  known  relative  value  as  compared  with  proteins  from 
other  sources,  which  most  effectively  defers  the  signs  of  old  age. 

Our  object  in  feeding  protein  at  the  plane  of  intake  of  9  per 
cent  of  the  dry  food  mixture  in  these  experiments  should  be 
explained.  As  previously  stated,  such  cereal  grains  as  maize, 
rye  (9),  and  barley  (9,  17)  contain  proteins  of  such  values  that 
when  fed  at  9  per  cent  of  the  food  mixture,  supplemented  with 
respect  to  certain  salts  and  fat-soluble  A,  yoimg  rats  are  able  to 
grow  at  approximately  half  the  normal  rate.  We  prepared  the 
present  series  of  rations  each  containing  9  per  cent  of  protein 
derived  from  two  seeds,  one  furnishing  two-thirds  and  the  other 
one-third  of  the  total  protein,  and  supplemented  them  in  the 
necessary  ways.    The  resxilts  show  whether  the  protein  mixture 
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in  any  case  has  lower  or  higher  values,  than  maize,  rye,  or  barley, 
and  to  what  extent.  This  plan,  as  will  be  seen  from  a  study  of 
the  growth  curves  in  the  charts,  affords  an  excellent  method  for 
the  quantitative  comparison  of  a  series  of  proteins  with  resi)ect 
to  their  biological  values.  2  per  cent  of  butter  fat  we  have  found 
to  be  sufficient  for  the  maintenance  of  good  growth  when  aU 
other  dietary  factors  are  of  good  quality. 

In  the  series  of  experiments  reported  in  this  paper  we  have 
employed  the  following  combinations  of  proteins: 
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The  most  interesting  point  brought  out  by  the  growth  curves 
in  these  experiments  is  the  failure  of  the  proteins  of  two  seeds 
to  supplement  each  other  to  any  greater  degree  than  they  do 
in  most  cases.  According  to  the  present  universally  accepted 
theory  of  protein  metabolism,  the  explanation  of  this  failure  must 
be  due  to  the  relatively  low  yield  of  each  of  the  seeds  in  a  mixture 
in  some  one  or  more  of  the  essential  amino-acids.  Until  our 
experiments  with  the  combinations  of  seeds  are  completed  we 
cannot  draw  conclusions  as  to  which  amino-acids  are  the  limiting 
factors  in  these  experiments. 

Chart  L — These  curves  illustrate  the  rate  of  growth  secured 
with  young  rats  on  diets  containing  9  per  cent  of  their  diy  sub- 
stance as  protein,  derived  in  each  case  from  a  whole  seed.    TTie 
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dietary  factors  other  than  protein  were  so  constituted  as  to  be 
fairly  satisfactory  for  the  promotion  of  good  nutrition.  (The 
composition  of  these  rations  was  seed  =  to  9  per  cent  protein; 
NaCl,  1.0;  CaCOs,  1.5;  butter  fat,  3.0;  dextrin  to  100).  For 
comparison  the  growth  curves  of  yoimg  rats  on  a  diet  containing 
8  per  cent  of  protein  from  milk  and  another  its  9  per  cent  of  pro- 
tein from  a  mixture  of  rye  and  flaxseed  are  presented.  Both  the 
latter  sources  of  protein  are  of  distinctly  better  quality  than  are 
any  of  the  protein  mixtures  derived  from  a  single  seed.  It  was 
determined  in  the  case  of  each  ration  that  the  limiting  factor  was 
the  protein  supply,  and  that  on  the  addition  of  purified  protein 
and  nothing  else  much  better  growth  and  nutrition  could  be 
secured. 

With  a  ration  containing  9  per  cent  of  barley  protein  the  growth 

curve  was  not  so  good  as  with  a  similar  ration  containing  wheat 

protein.    There  were  two  females  in  the  experimental  group, 

and  although  both  were  kept  until  they  were  8  months  old,  and 

'showed  distinct  signs  of  age,  no  young  were  ever  reared  by  them. 

The  growth  curves  for  the  animals  fed  9  per  cent  rye  proteins 
were  somewhat  better  than  were  those  for  the  barley  group,  but 
not  quite  so  good  as  in  the  wheat  group.  Two  females  produced 
three  Utters  of  yoimg  (eighteen  yoimg).  Two  Utters  were  allowed 
to  die  soon  after  birth.  The  other,  consisting  of  eight  young, 
fared  somewhat  better.  At  10  days  there  were  seven  left  (weight, 
71  gm.).  At  32  days  but  two  were  aUve  (weight,  55  gm.).  Both 
of  these  survived  to  the  39th  day.-  The  mothers  looked  very 
old  at  the  age  of  8  months. 

With  the  diet  containing  9  per  cent  of  maize  proteins,  one 
female  was  isolated  in  a  pregnant  condition,  but  no  yoimg  were 
ever  seen.    She  doubtless  ate  them  as  soon  as  they  were  born 

(2). 

With  wheat  proteins  at  9  per  ceiit,  only  an  occasional  Utter  of 
one  or  two  yoimg  has  been  secured  (2).  None  of  these  was 
weaned. 

The  animals  in  these  experimental  groups  only  rarely  showed 
soreness  of  the  ears  and  tails.  In  neiairly  aU  cases  they  were 
nervous  and  irritable.  Their  coats  were  always  poor,  but  there 
was  little  loss  of  hair,  except  in  the  case  of  the  yoimg  which 
Uved  after  the  development  of  a  coat  of  hair.  All  showed  early 
appearances  of  old  age. 
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In  the  experiments  in  which  the  curves  for  Lots  464,  619,  ahd 
646  were  obtained,  we  employed  complex  salt  mixtures  instead 
of  a  simple  mixture  of  sodium  chloride  and  calcium  carbonate, 
which  we  later  found  to  be  the  only  inorganic  additions  neces- 
sary for  any  of  the  seeds  studied.  These  complex  salt  mixtures 
supplied,  in  the  amoimts  in  which  they  were  employed,  some- 
what less  calcium,  sodium,  and  chlorine  than  we  have  later 
employed  in  supplementing  these  seeds.  It  is  possible  that  with 
a  more  liberal  supply  of  the  three  elements  better  nutrition  might 
be  secured  with  diets  containing  9  per  cent  of  wheat  or  maize 
proteins,  but  not  sufficient  to  change  in  any  marked  degree  the 
value  of  the  comparisons  made  in  this  paper. 

Each  of  these  curves  is  representative  of  a  group  of  four  or 
five  animals  which  were  fed  at  the  same  time  and  in  the  same 
cage  with  the  same  ration.  The  curves  show  that  a  careful 
search  for  fortimate  combinations  of  natural  foodstuffs  which 
will  mutually  enhance  the  values  of  each  other's  proteins,  will 
yield  results  of  importance  both  in  himian  nutrition  and  animal 
production. 

Chart  2. — Lots  1356  and  1350  illustrate  the  growth  records  of 
young  rats  fed  a  ration,  the  protein  of  which  was  derived  from 
flaxseed  oil  meal  (3  per  cent)  and  rye  (6  per  cent).  In  the  former 
case  the  mixture  of  seed  products  was  supplemented  with  in- 
organic salts  alone,  and  in  the  latter  with  both  inorganic  salts 
and  butter  fat  to  supply  the  fat-soluble  A.  The  improvement 
resulting  from  the  addition  of  butter  fat  is  striking.  The  ration 
was,  of  course,  of  poor  quality  because  of  the  character  and 
amount  of  its  proteins,  and  the  improvement  in  well  being  which 
can  result  from  supplementing  a  single  dietary  factor  in  a  ration 
poor  in  some  other  respect  emphasizes  the  principle  which  we 
have  repeatedly  enimciated;  viz.y  the  importance  of  considering 
the  relative  values  of  the  several  factors  which  operate  to  make 
the  diet  what  it  is.  In  order  to  secure  the  best  possible  growth 
curves  with  any  plane  of  protein  intake  which  is  just  above  the 
actual  requirements  of  the  animal,  it  is  essential  that  the  remain- 
ing factors  in  the  diet  be  close  to  the  optimum  in  quality.  In 
many  human  diets  derived  from  wholesome  natural  foods,  two 
or  three  dietary  factors  are  more  or  less  faulty  in  character. 
Under  these  conditions  there  will  be  a  lowering  of  the  ability  to 
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perform  the  normal  functions  of  life,  snch  as  growth,  reproduc- 
tion, and  the  suckling  of  young  as  well  as  would  be  the  case  if  all 
dietary  factors  were  of  better  quality. 

Both  the  growth  and  reproduction  records  of  Lot  1350  were 
better  than  for  any  others  in  the  series  to  which  we  have  fed  9  per 
cent  of  protein  derived  from  two  seeds.  No  other  group  has 
been  so  successful  in  rearing  the  yoimg. 

Three  females  produced  six  litters  (thirty-four  young)  of 
which  ten  young  were  successfully  weaned.  They  appeared 
normal  in  vigor,  but  were  small  for  their  age.  The  mothers 
maintained  their  weight  while  nursing.  One  of  the  second  gener- 
ation died  while  giving  birth  to  young.  All  were  in  good  condi- 
tion at  end  of  the  experiment. 

Chart  3, — Lot  1339  derived  6  per  cent  protein  from  rolled  oats 
and  3  per  cent  from  flaxseed  oil  meal.  Their  growth  was  approx- 
imately that  which  might  be  expected  had  they  received  9  per 
cent  of  protein  derived  entirely  from  one  of  the  cereal  grains,  and 
corresponded  to  about  half  the  rate  at  which  the  yoimg  rat  is 
capable  of  growing. 

The  single  Utter  of  young  bom  (seven  young)  were  finally 
weaned  but  were  undersized.  At  56  days  of  age  the  seven  to- 
gether weighed  but  313  gm.  These  young  grew  but  little  when 
confined  to  the  diet  of  the  mother.  This  further  supports  the 
view  that  there  is  a  progressive  loss  of  vitality  under  such  a 
dietary  regime  as  these  animals  were  subjected  to. 

For  comparison  with  the  preceding  lot,  the  curves  of  Lot  1336 
are  presented.  These  rats  were  fed  9  per  cent  of  protein  derived 
entirely  from  flaxseed  oil  meal.  Two  females  produced  each  a 
litter  of  yoimg.  One  mother  destroyed  her  Utter  of  six  young 
soon  after  they  were  bom.  The  other  Utter  of  four  young 
weighed  107  gm.  at  the  age  of  34  days.  They  should  have 
reached  this  weight  when  about  22  days  old.  The  curves  of  two 
of  this  litter  are  sljown  in  the  chart.  The  young  were  not  able 
to  grow  appreciably  on  this  diet. 

Lot  1344  received  a  diet  containing  9  per  cent  of  protein,  6 
per  cent  of  which  was  derived  from  millet  seed  and  3  per  cent  from 
flaxseed  oil  meal.  Growth  was  very  slow  on  this  diet  although  it 
was  fairly  satisfactory  with  respect  to  all  dietary  factors  other 
than  protein.    For  comparison  the  curve  of  growth  for  a  male^ 
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rat  fed  8  per  cent  of  protein  derived  from  skim  milk  powder,  and 
that  secured  with  a  diet  containing  9  per  cent  of  protein  derived 
from  rye  and  flaxseed  oil  meal,  are  placed  in  contrast  with  those 
of  Lot  1344,  and  take  the  place  of  normal  curves. 
•  Lot  1365  was  fed  a  diet  containing  9  per  cent  protein  and 
from  the  same  source  as  in  Lot  1344.  Li  the  case  of  Lot  1365 
the  grains  were  supplemented  only  with  respect  to  inorganic 
aalts,  whereas  in  the  diet  of  Lot  1344  both  salts  and  butter  fat 
(fat-soluble  A)  were  added.  The  rate  of  growth  was  somewhat 
accelerated  by  the  fat-soluble  A.  That  the  limiting  factor  in 
this  diet  was  the  character  and  amount  of  the  protein  is  shown 
by  the  rapid  growth  in  Period  2,  when  a  part  of  the  dextrin  was 
substituted  by  12  per  cent  of  purified  casein.  Millet  seed,  cot- 
tonseed, or  oat  proteins  are  not  supplemented  by  the  proteins  of 
the  flaxseed  to  anything  like  the  extent  that  rye  proteins  are. 

Chart  4' — Lots  1343  and  1364  illustrate  respectively  the  effects 
of  feeding  such  a  mixture  of  barley  and  flaxseed  oil  meal  as  would 
furnish  a  diet  containing  9  per  cent  of  protein,  two-thirds  of 
which  came  from  barley  and  the  one-third  from  flaxseed.  In  the 
one  case  it  was  supplemented  with  both  inorganic  salts  and  fat- 
soluble  A  (in  butter  fat),  and  in  the  other  with  inorganic  salts 
only.  The  value  of  the  protein  mixture  derived  from  barley  and 
flaxseed  in  these  proportions  is  not  sufiiciently  high  to  enable 
the  animals  to  grow  on  a  diet  containing  9  per  cent  of  protein, 
at  a  rate  faster  than  they  could  do  on  a  similar  diet  in  which  the 
protein  is  derived  solely  from  one  of  the  cereal  grains,  as  wheat 
or  maize  kernel.  However,  the  reproduction  records  are  in  nearly 
all  cases  better  on  the  mixed  proteins  than  on  a  seed  alone. 

Two  females  in  Lot  1343  gave  birth  to  three  litters  of  young 
(twenty-seven),  and  of  these  nine  were  weaned.  No  young  were 
ever  weaned  on  wheat  or  maize  alone  on  diets  of  this  character. 
Their  growth  was  approximately  half  normal.  Five  young  at 
60  days  of  age  weighed  260  gm.  The  mothers  rapidly  developed 
the  characteristics  of  senility  while  nursing  their  litters. 

In  the  second  period  of  Lot  1364,  there  was  a  tardy  response 
with  renewed  growth  after  the  introduction  of  butter  fat  into 
the  diet.     Recovery  is  not  always  to  be  expected  when  the  faults  ' 
of  a  diet  are  corrected  after  suspension,  because  of  lowered  vi- 
tality in  the  animals. 
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Lots  1338  and  1359  illustrate  the  great  diflference  in  the  growth 
curves  of  two  groups  of  rats  which  were  fed  diets  containing  but 
9  per  cent  of  protein,  two-thirds  of  which  came  from  wheat  and 
the  remainder  from  flaxseed  oil  meal,  due  to  the  addition  of 
butter  fat,  as  compared  with  what  could  be  secured  without  it. 
With  such  rations  it  is  possible  to  improve  the  nutrition  of  the 
animals  either  through  the  addition  of  protein  or  of  fat-soluble 
A.  The  growth  curves  of  young  rats  on  8  per  cent  of  protein 
from  milk  and  on  9  per  cent  protein  from  a  mixture  of  rye  and 
flaxseed  (Lot  1350,  Chart  2)  are  inserted  as  normal  curves.  Two 
females  in  Lot  1338  produced  three  litters  (eighteen)'  yoimg. 
Of  these  twelve  were  weaned.  The  nursing  mothers  lost  weight 
during  lactation.  One  dropped  from  195  to  178  gm.  in  44  days, 
during  which  time  the  young  grew  to  a  collective  weight  of  227 
gm.  The  young  were  always  small  for  their  age  and  the  mothers 
early  showed  signs  of  old  age.  That  there  is  a  fair  supplemen- 
tary value  here  is  especially  shown  in  the  reproduction  records. 
(Compare  growth  of  second  generation  with  Chart  3,  Lot  1339 
and  Lot  1344.) 

Chart  5. — Lot  1337  received  a  diet  in  which  the  content  of  9 
per  cent  of  protein  was  derived  from  maize  (6  per  cent)  and 
flaxseed  oil  meal  (3  per  cent).  The  diet  was  satisfactorily  con- 
stituted with  respect  to  all  other  dietary  factors.  Growth  was 
slow,  and  the  animals  failed  to  reach  the  full  adult  size. 

Two  females  were  included  in  the  experimental  group.  One 
of  these  never  had  any  young,  while  the  other  had  two  small 
litters  (six  young) ,  only  two  young  of  which  were  weaned,  and  these 
were  small  for  their  age.  These  animals  were  extremely  timid 
and  nervous. 

Lot  1347,  in  Period  1,  were  fed  a  diet  which  was  fairly  satis- 
factory in  all  respects,  except  for  the  quality  of  its  protein.  The 
diet  contained  9  per  cent  of  protein,  6  per  cent  from  peas  (cooked 
and  dried),  and  3  per  cent  from  flaxseed  oil  meal.  In  Period  2, 
2  per  cent  of  calcium  phosphate  was  added  to  see  whether  the 
addition  of  more  phosphorus  would  enhance  the  value  of  the 
diet.  The  results  showed  that  this  was  not  the  limiting  factor, 
but  that  the  failure  of  the  animals  to  grow  at  a  better  rate  was 
the  result  of  the  insufficiency  of  the  protein  supply.  The  one 
litter  of  young  produced  were  eaten  by  the  mother.    The  de- 
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struction  of  the  young  by  the  mother  rat  is  ahnost,  without 
exception,  the  result  of  mahiutrition. 

Lot  1346  which  was  fed  a  diet  containing  6  per  cent  of  protein 
derived  from  kafir  and  3  per  cent  from  flaxseed  oil  meal  failed  to 
grow  at  any  better  rate  than  is  possible  on  a  similar  diet  in  which 
the  same  plane  of  protein  intake  is  furnished  from  one  of  the 
cereal  grains.  There  is  some  evidence  that  the  combination  of 
the  proteins  from  these  two  sources  makes  an  improvement  in 
their  biological  value.  One  female  never  produced  any  young, 
but  the  other  had  two  Utters  (ten  young).  Five  of  these  were 
successfully  weaned,  while  the  remaining  Utter  was  destroyed  by 
the  mother.  All  were  very  much  stunted.  At  the  age  of  53 
days  they  weighed  collectively  127  gm.  After  weaning,  the 
young  never  grew  on  the  mother's  diet. 

Lot  1348  grew  slowly  on  a  diet  in  which  the  9  per  cent  of  pro- 
tein was  derived  from  soy  bean  (6  per  cent)  and  flaxseed  oil 
meal  (3  per  cent).  No  young  were  produced  by  this  group.  It 
is  evident  from  the  growth  curves  that  this  combination  of  pro- 
teins is  of  relatively  low  biological  value  for  growth. 

Chart  6. — Lot  1378  which  was  fed  a  diet  containing  9  per  cent 
of  protein,  two-thirds  of  which  came  from  peas  and  one-third 
from  millet  seed,  proved  to  be  much  better  nourished  than  they 
would  have  been  with  the  same  amount  of  protein  derived  solely 
from  one  of  the  cereal  grains.  This  is  brought  out  especially  by 
the  abiUty  of  the  second  generation  to  grow  as  well  as  did  the 
first,  and  to  produce  and  rear  young.  Two  females  of  the  first 
generation,  and  a  daughter  of  one  of  these  produced  six  litters 
(twenty-five  young)  of  which  fifteen  were  reared.  Although 
none  of  the  females  reached  a  non-pregnant  weight  greater  than 
175  gm.,  they  were  always  in  good  condition.  One  female  aged 
rapidly  after  the  birth  of  her  third  litter  of  young.  It  is  evident 
that  we  have  in  this  combination  of  proteins  from  two  seeds  a 
supplementary  relation  of  some  importancie. 

Lot  1376,  which  derived  its  9  per  cent  of  protein  from  rolled 
oats  (6  per  cent)  and  millet  seed  (3  per  cent),  shows  that  again 
we  have  a  supplementary  relation  between  the  proteins  of  one 
seed  for  those  of  the  other,  which  distinctly  enhances  their  value, 
but  the  improvement  is  less  than  in  the  case  of  a  mixture  of  peas 
and  millet  seed  (Lot  1378).    Three  females  produced  three  Utters 
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of  young,  all  of  which  were  destroyed  by  the  mothers  within  the 
first  3  days  after  birth.  The  abiUty  of  different  individuals  to 
grow  on  this  diet  varied  considerably,  which  is  in  harmony  with 
our  observations  on  faulty  diets  in  general. 

From  the  charactei:  of  the  curves  of  Lot  1366  it  is  evident  that 
a  mixture  of  the  proteins  of  millet  seed  and  soy  beans  when 
combined  is  little  if  any  better  than  the  proteins  of  wheat  alone,  or 
any  of  the  other  cereal  grains  alone.  They  are  better,  however, 
than  we  have  been  able  to  secure  with  9  per  cent  of  soy  bean 
protein  alone.  Great  variation  in  the  capacity  of  different  rats 
to  grow  on  this  diet  was  observed.  There  were  three  females  in 
the  group,  and  from  these  six  litters  were  secured  (thirty  young). 
Ten.  of  these  were  reared  but  were  always  undersized.  The 
mothers  all  maintained  their  weights  while  nursing  their  young, 
which  serves  as  evidence  that  this  protein  mixture  was  better 
than  the  proteins  of  one  of  the  cereal  grains  taken  as  the  sole 
source  of  protein. 

Chart  7. — Lot  1374,  which  received  9  per  cent  of  protein,  two- 
thirds  derived  from  wheat  and  one-third  from  millet  seed,  grew 
about  as  they  would  have  on  the  proteins  of  one  of  the  cereal 
grains  alone  at  the  same  plane.  The  difference  in  the  value  of 
the  proteins  of  this  mixture  as  compared  with  those  of  the  cereal 
grains  alone  is  seen  in  the  reproduction  records.  Whereas  on 
wheat  proteins  at  this  plane  of  intake  we  have  secured  almost  no 
young,  an  occasional  litter  of  one  to  three  being  bom,  in  the 
present  case  two  female  rats  produced  four  litters  (twenty-six 
young),  and  succeeded  in  rearing  eighteen  yoimg.  All  re- 
mained undersized.  We  feel  certain  that  such  a  reproduction 
record  could  not  be  secured  with  this  plane  of  intake  of  proteins 
from  any  single  cereal  grain,  satisfactorily  supplemented  in  every 
respect  except  with  regard  to  protein.  The  mothers  in  this 
group  all  maintained  their  body  weights  while  nursing  their 
young. 

Lot  1375  derived  its  protein,  which  constituted  9  per  cent  of 
the  diet,  from  rye  (6  per  cent)  and  millet  seed  (3  per  cent),  the 
mixture  of  seeds  being  properly  supplemented  with  respect  to 
other  factors.  The  growth  curves  represent  a  little  better  than 
half  the  rate  at  which  the  young  rat  is  capable  of  growing.  Two 
females  produced  four  litters  of  young  (fourteen  young)  of  which 
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only  three  young  were  successfully  reared,  and  these  were  under- 
sized. The  mothers  lost  weight  while  nursing  their  young  and 
aged  very  rapidly.  This  evidence,  together  with  the  character 
of  the  growth  curves,  indicates  that  there  is  little  enhancement 
of  the  proteins  of  one  of  these  seeds  by  those  of  the  other.  The 
yoimg,  after  weaning,  were  able  to  grow  to  some  extent  on  the 
diet  of  the  mother. 

Lot  1373  was  fed  9  per  cent  of  protein  from  a  mixture  of  maize 
(6  per  cent)  and  millet  seed  (3  per  cent).  The  growth  curves 
indicate  very  little  tendency,  if  any,  of  the  proteins  of  one  of 
these  seeds  to  supplement  those  of  the  other.  This  is  also  sup- 
ported by  the  reproduction  records.  Three  females  produced 
five  lijters  (twenty-seven  young)  of  which  but  three  young  were 
weaned  and  these  were  dwarfed  by  undernutrition.  The  mothers 
did  not  maintain  their  body  weights  while  nursing  their  young. 
It  appears,  therefore,  that  there  is  little  improvement  in  this 
mixture  over  the  proteins  of  the  individual  seeds  as  the  sole 
source  of  protein.  All  animals  in  this  group  aged  early.  Their 
young  were  almost  hairless  and  very  timid.  None  ever  grew 
appreciably  when  confined  to  the  mother's  diet. 
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STUDT  OF  THE  METABOLISM  IN  MULTIPLE 

EXOSTOSES. 

By  VERNON  K.  KRIEBLE  and  OLAF  BERGEIM. 

[From  the  Laboratories  of  Physiological  Chemistry  of  Jefferson  Medical 
College,  Philadelphia,  and  McGill  University,  Montreal.) 

(Received  for  publication,  November  18,  1918.) 

That  multiple  exostoses  are  hereditary  in  character  appears  to 
be  established  by  the  observations  of  Jungmann  (1),  Gibney  (2), 
Percy  (3),  and  many  others.  It  had  not  been  clear,  however, 
until  recently  that  these  tumors  were  congenital  in  character 
(Vaughan,  4),  as  they  are  not  usually  noticed  until  they  attain 
an  appreciable  size.  With  the  aid  of  the  x-ray  these  growths  have 
in  many  cases  been  shown  to  be  present  shortly  after  birth  in 
children  with  exostotic  parents.  They  are  usually  not  noticed 
before  the  child  is  from  4  to  6  or  more  years  of  age,  but  they 
seldom,  if  ever,  appear  after  the  skeleton  is  fully  developed. 
Males  appear  to  be  much  more  susceptible  to  the  disorder  than 
females  (Fiscl^er,  5).  A  female  free  of  exostoses  but  belonging 
to  an  exostotic  family  may  yield  offspring  which  are  affected. 
Ehrenfried  (6)  gives  the  ratio  of  males  to  females  affected  as  3: 1. 

There  are  a  few  cases  on  record  where  multiple  exostoses  were 
associated  with  rickets  (Griinfeld,  7;  Stolzenberg,  8),  but  this  is 
not  usually  the  case,  and  according  to  Vaughan  there  has  been  no 
demonstration  of  a  direct  connection  between  the  two  diseases. 
In  fact  it  has  been  pointed  out  that  the  arrangement  of  the  car- 
tilage cells  in  growing  exostoses  is  different  from  their  arrange- 
ment in  rickets.  Close  intermarriage  has  been  observed  by 
Meyer  (9)  in  a  case  where  no  heredity  of  the  disease  could  be 
proved,  the  father  of  the  patient  being  the  uncle  of  the  mother. 
Ritter  (10)  noticed  in  one  case  that  the  thyroid  gland  was  small 
and  barely  palpable.  As  this  gland  has  an  important  influence  on 
bone  growth  or  at  least  on  the  metabolism  of  calciuni,  a  closer  ob- 
servation of  the  condition  of  the  thyroid  in  this  disease  may  be 
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of  interest.  Lortat  and  Sebar^anu  (11)  and  others  have  looked 
for  a  connection  between  tuberculosis  and  multiple  exostoses. 
The  tuV>erculo8is  theorj',  however,  lacks  any  definite  substantia- 
tion. As  has  been  pointed  out,  tuberculosis  is  so  common  that 
there  are  sure  to  \)c  some  patients  who  have  tuberculosis  in  addi- 
tion to  multiple  exostoses.  Recent  authors  consider  the  cause 
to  be  a  disturbance  in  the  bone-forming  cartilage,  though  the 
real  etiological  factor  is  unknown.  For  discussions  of  the  clini- 
cal aspects  of  the  disease  the  papers  of  Vaughan  and  Ehrenfried 
may  be  consulted. 

No  attempts  have  been  made  so  far  as  we  are  aware  to  deter- 
mine by  metabolic  studies  whether  multiple  exostoses  are  pri- 
marily a  disorder  of  metabolism  or  whether  the  disorder  shows 
from  this  standpoint  any  analogy  to  rickets.  As  a  contribution 
to  this  phase  of  the  subject,  the  present  work  was  carried  out  on 
a  patient  in  the  Jeflferson  Hospital  in  the  service  of  Dr.  Hobart 
A.  Hare,  to  whom  we  are  indebted  for  the  clinical  history  and 
for  the  opportunity  of  making  this  investigation. 

Clinical  History. — B.  G.  Female,  age  15  years;  native  of  Russia.  Ad- 
mitted to  Jefferson  Hospital,  May  6,  1915,  and  discharged  without  change 
of  condition  June  26.  Father,  mother,  eleven  brothers  and  sisters  all 
living  and  well.  No  history  of  cardiac,  renal,  pulmonary,  chronic  joint 
disease,  or  cancer  in  family.  Patient  never  had  any  serious  illness.  Men- 
ses began  at  14  years  of  age;  about  2  months  apart;  no  pain  associated. 
Chief  complaint  related  to  the  bony  growths  on  the  bones  of  the  arms  and 
enlargements  of  the  finger  joints.  When  the  patient  was  5  years  old  she 
began  to  notice  an  enlargement  on  the  left  radius  which  gradually  in- 
creased. At  12  years  of  age  there  developed  an  enlargement  on  the  middle 
finger  of  the  right  hand — middle  phalanx.  Some  nodules  appeared  at 
about  the  same  time  on  the  ankles.  At  this  time  one  of  the  nodules  was 
removed  from  the  radius. 

The  growth  of  these  nodules  was  very  slow  and  without  pain. 
The  only  thing  that  the  patient  complained  of  was  the  deformity 
which  went  with  the  bony  nodules.  The  patient  was  apparently 
sufToring  from  a  gastrointestinal  disturbance  also,  as  she  passed 
77  stools  from  May  15  to  June  15,  the  number  per  day  varjnng 
from  one  to  eight.  During  the  7  days  of  the  experimental  period 
twenty-five  stools  wore  passed.  This  did  not  appear,  however,  to 
be  a  matter  of  discomfort  or  complaint. 
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Physical  Examination. — Fairly  well  developed  female.  Eyes, 
ears,  nos9,  mouth,  and  neck  normal.  Thorax  fairly  well  devel- 
oped. Abdomen  normal,  no  tenderness  and  no  masses  felt.  Ex- 
tremities: There  were  a  number  of  bony  growths  on  the  lower 
ends  of  the  radius  and  ulna,  with  some  thickening  of  bone  gen- 
erally. There  was  also  a  thickening  of  the  digits  with  a  tendency 
to  dislocation  due  to  atrophy  of  ligaments.  There  were  some 
bony  growths  on  the  inner  side  of  the  ankles,  similar  to  those  on 
the  radius  and  ulna.  Weight:  May  17,  84  pounds;  May  24,  82 
pounds;  June  4,  81  pounds;  June  11,  81  pounds;  June  23,  81 
pounds. 

Method  of  Study. 

The  patient  was  kept  in  a  ward  of  the  hospital  in  charge  of  a 
special  nurse  and  placed  on  a  uniform  diet  which  consisted  of 
500  cc.  of  milk,  90  gm.  of  soda  crackers,  50  gm.  of  corn  flakes, 
100  gm.  of  meat,  30  gm.  of  potato  chips,  and  1,000  cc.  of  water 
per  day.  The  milk  was  sampled  every  morning.  The  sample 
was  poured  into  an  evaporating  dish,  and  evaporated  at  100°C. 
Each  succeeding  day's  sample  was  poured  into  the  same  dish, 
and  at  the  end  of  the  period  the  evaporation  was  continued  to 
constant  weight.  The  residue  was  groimd  up  in  a  mortar  and 
preserved  in  a  glass  stoppered  bottle  for  analysis.  Enough  of  the 
crackers,  com  flakes,  and  potato  chips  were  put  aside  for  the  whole 
period  which  necessitated  but  one  sampling.  The  meat  was  also 
prepared  for  the  whole  period  previous  to  the  experiment,  thor- 
oughly mixed,  boiled  and  again  mixed,  placed  in  glass  jars,  ster- 
ilized, and  kept  in  a  frozen  condition  until  used.  A  carefully 
prepared  sample  was  evaporated  to  constant  weight  and  kept 
for  analysis. 

The  urine  was  collected  in  exact  24  hour  samples  which  were 
preserved  by  refrigeration  and  thymol.  The  feces  were  sepa- 
rated by  the  use  of  carmine.  The  stools  as  passed  were  col- 
lected in  a  friction  top  can  which  had  previously  been  rinsed  with 
a  10  per  cent  alcoholic  solution  of  thymol  and  dried.  The  can 
containing  the  feces  was  kept  in  the  refrigerator  until  the  experi- 
mental period  was  over.  As  the  sample  was  semiliquid  in  charac- 
ter because  of  water  added  in  transferring,  it  was  evaporated  to 
dryness  before  analysis.     The  evaporation  was  carried  out  under 
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a  pressure  of  250  to  300  mm.  and  a  temperature  of  50-75°C. 
The  gases  coming  off  were  first  passed  through  standard  acid  and 
then  through  an  alkaline  lead  solution  to  catch  any  hydrogen  sul- 
fide coming  off.  The  total  alkalinity  of  the  gases  calculated  aa 
anmionia  nitrogen  was  0.206  gm.  or  less  than  0.4  per  cent  of  the 
total  nitrogen  excreted  during  the  experimental  period.  The 
lead  sulfide  formed  was  oxidized  to  lead  sulfate  and  the  sulfur 
estimated  as  bariiun  sulfate.  It  amounted  to  0.081  gm.  of  bar- 
iimi  sulfate  or  0.0113  gm.  of  sulfur,  or  less  than  0.003  per  cent  of 
the  total  sulfur  excreted.  It  is  obvious,  therefore,  that  the  evap- 
oration of  feces  did  not  incur  the  loss  of  an  appreciable  amount  of 
these  elements. 

McCrudden's  methods  were  followed  for  the  determination  of 
calcium  and  magnesiiun.  Sulfur  in  the  urine  was  determined  by 
Benedict's  method.  Sulfur  in  the  feces  and  the  food  was  deter- 
mined by  a  modification  of  the  sodiimi  peroxide  fusion  method 
which  will  be  published  later.  Phosphorus  was  determined  by 
Neumann's  method,  and  nitrogen  by  the  Kjeldahl  method. 

The  experimental  period  lasted  for  7  days,  from  May  29  to 
June  5. 

DISCUSSION, 

The  most  obvious  abnormality  brought  out  by  the  balance  of 
the  five  elements  (Table  I)  included  in  our  study  is  the  loss  of 
21.8  per  cent  of  the  nitrogen  ingested.  One  might  expect  that  this 
was  entirely  due  to  faulty  digestion  or  absorption  associated  with 
the  disturbed  peristaltic  action,  but  this  cannot  be  the  case  as 
more  than  87  per  cent  of  the  excretion  of  nitrogen  was  through 
the  urine — a  percentage  not  far  from  normal.  It  is  obvious  that 
the  body  is  losing  protein,  which  is  borne  out  by  the  fact  that 
the  patient's  body  weight  was  slightly  decreasing  at  this  time, 
although  the  diet  was  higher  in  nitrogen  than  that  of  the  free 
choice,  preexperimental  period.  This  loss  of  nitrogen  and  lack 
of  appetite  of  the  patient  were  no  doubt  associated  with  the 
gastrointestinal  disturbance.  It  is  somewhat  surprising  that  the 
sulfur  balance  is  positive,  as  sulfur  excretion  also  commonly 
parallels  protein  metabolism.  As  the  disease  in  question  is  char- 
acterized by  an  abnormal  production  of  cartilage,  which  is  known 
to  be  rich  in  sulfur,  it  is  possible  that  the  sulfur  ordinarily  set 
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free  in  the  decomposition  of  body  protein  is  retained  for  this 
purpose. 

There  is  also  a  distinct  retention  of  calcium,  magnesium,  and 
phosphorus.  But  the  relative  distribution  in  the  excretion  of 
these  elements  between  the  urine  and  feces  is  about  normal. 
The  calciiun  ratio  for  normal  persons  varies  between  1 : 4.5  to 
1  :  9,  while  wo  found  1 :  7.4.  There  is  normally  more  magnesium 
found  in  the  urine  than  in  the  feces,  and  we  observed  the  same  in 
this  case;  namely,  0.7988  gm.  in  the  urine  and  0.7552  gm.  in  the 
feces.  From  two-thirds  to  three-fourths  of  the  phosphorus  is 
found  in  the  urine  in  normal  persons,  while  we  found  59.2  per 
cent  in  the  urine,  which  is  only  slightly  abnormal.     It  is  interest- 

TABLE  I. 
Metabolic  Balance  in  Multiple  Exostoses,, 


Total  amount  ingested,  gm 

Excretion  in  urine,  "  

"  "  feces, 

Total  excretion,  "  

Retention,  gm 

Loss,  "   

Retention,  per  cent 

Loss,  "       "    

Average  daily  gain,  gm 

"         "       loss,    "    

Total  excretion  found  in  urine,  per  cent 


McO 


N 


1.74713.5464.480  44.68 

0.798   7.6603.460  47.46 

0.755  5.2860.661  6.99 

1.55412.946  4.121  54.46 

0.193  0.6000.4354  — 

—  —         —  9.76 
11.0       4.4     9.55  — 

—  —         —  21.8 
0.028  0.0860.062  — 

—  —        —  1.39 
51.4     59.2     83.9  87.2 


ing  to  compare  the  per  cent  retention  of  these  elements  with  those 
found  by  McCrudden  and  Fales  (12)  in  a  growing  boy.  We 
foimd  that  calcium,  magnesium,  and  phosphorus  were  retained 
to  the  extent  of  16.7,  11.0,  and  4.4  per  cent  respectively,  while 
McCrudden  and  Fales  reported  17,  22.4,  and  25  per  cent  respec- 
tively. It  is  not  known  at  what  stage  in  the  development  of  the 
body  the  intake  and  output  of  these  elements  balance  each  other. 
It  is  not  likely,  however,  that  a  balance  would  be  reached  at  the 
age  of  15,  and  as  the  ratio  of  the  urine-feces  excretion  is  approxi- 
mately normal,  it  is  probable  that  the  metabolism  of  these  ele- 
ments is  about  normal.  That  absorption  from  the  intestine  was 
not  quite  so  complete  as  usual  was  to  be  expected  from  the  rapid- 
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ity  with  which  the  food  residues  passed  through  the  bowel.  Our 
metabolism  study  also  supports  the  view  that  there  is  no  connec- 
tion between  rickets  and  multiple  exostoses  as  the  urinary  output 
of  the  ingested  calcium  has  been  found  seldom  to  reach  5  per  cent, 
more  often  being  less  than  1  per  cent  in  rickets,  while  we  find  in 
multiple  exostoses  a  normal  excretion  of  10  per  cent. 

Bergeim,  Stewart,  and  Hawk  (13)  found  pronounced  daily 
variations  in  the  urinary  excretion  of  calcium  and  magnesium  in 
their  metabolism  study  in  acromegaly  and  they  suggested  that 
this  might  be  due  to  an  accumulation  in  the  intestine  of  residual 
material  rich  in  salts  which  are  soluble  with  difficulty.  As  in  our 
study  the  intestines  were  well  swept  out,  it  is  interesting  to  not<5 
that  there  was  much  more  regular  output  of  these  elements.     The 

TABLE  II. 
Daily  Excretion  in  Urine. 


Day  of 
experiment. 

CaO 

MgO 

PiO» 

S 

N 

gm. 

gm. 

gm. 

gm. 

gm. 

1 

0.083 

0.123 

1.178 

0.542 

7.54 

2 

0.101 

0.144 

1.000 

0.509 

6.24 

3 

0.084 

0.117 

1.149 

0.508 

7.07 

4 

0.097 

•    0.116 

1.097 

0.474 

6.81 

5 

0.094 

0.106 

1.057 

0.444 

6.38 

6 

0.087 

0.183 

0.998 

0.410 

5.86 

7 

0.090 

• 

0.109 

1.182 

0.574 

7.56 

authors  mentioned  above  (13)  report  an  excretion  of  calcium  oxide 
on  3  consecutive  days  of  0.190, 0.085,  and  0.225  gm.,  and  of  magne- 
simn  of  0.250,  0.043,  and  0.191,  while  our  greatest  variations  for 
calcium  for  3  consecutive  days  were  0.0828,  0.1012,  and  0.0836  gm., 
and  for  magnesium  0.1229,  0.1441,  and  0.1169  gm.  (Table  II). 

A  question  naturally  arises  as  to  the  existence  of  a  relationship 
of  the  exostosis  to  the  marked  peristaltic  acti\'ity  of  the  intestine 
which  might  be  expected  to  affect  the  general  nutrition  of  the 
patient.  This  possibility  may  not  be  entirely  ruled  out  by  the 
failure  of  previous  observers  to  note  the  presence  of  such  disturb- 
ances in  their  cases,  as,  not  being  a  matter  of  complaint  in  our 
patient,  it  might  have  been  previously  overlooked.  It  appears 
more  likely,  however,  to  be  merely  one  of  the  numerous  complica- 
tions which  have  been  found  associated  with  multiple  exostoses. 
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CONCLUSIONS. 

A  study  was  made  of  the  metabolism  in  a  case  of  multiple  exos- 
toses. A  loss  of  nitrogen  was  noted  and  in  part  ascribed  to  the 
associated  hypermotility  of  the  intestine.  A  retention  of  sulfur 
was  observed  and  attributed  to  storage  in  the  growing  cartilage. 
The  retentions  of  phosphorus,  cai<5ium,  and  magnesium  appeared 
to  be  within  normal  limits  as  did  also  the  percentage  excretions 
of  these  elements  by  way  of  the  urine. 

The  findings  do  not  support  the  view  of  a  relationship  of  this 
disorder  to  rickets  or  to  any  primary  disturbance  of  general 
metabolism. 

The  authors  desire  to  thank  Dr.  P.  B.  Hawk  for  the  opportun- 
ity of  carrying  out  this  work  and  for  his  suggestions. 
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There  is  at  present  little  available  information  which  enables 
one  to  judge  the  relative  amounts  of  vitamines  furnished  by  the 
leaves  of  plants.  Owing  to  the  prevailing  high  cost  of  food 
products  of  this  type  the  use  of  them  may  become  greatly  re- 
stricted, so  that  if  they  actually  furnish  an  important  part  of  the 
vitamine  supply  of  our  diet  much  harm  may  result  from  lack  of 
them.  Under  present  conditions,  therefore,  it  is  important  to 
know  the  real  nutritive  value  of  the  green  foods  in  common  use. 
K  these  serve  no  other  purpose  than  to  gratify  the  palate  their 
use  can  be  dispensed  with  without  further  concern,  whereas  if 
they  furnish  an  essential  addition  to  our  dietary,  care  must  be 
taken  to  supply  a  sufficient  amount  of  them,  and  their  cheapest 
sources  should  be  ascertained. 

In  the  case  of  the  seeds  of  the  more  important  cereals  and  of 
some  of  the  legumes  we  already  have  information  which  affords 
an  approximate  estimate  of  the  quantities  needed  to  supply 
enough  of  the  water-soluble  vitamine  for  the  normal  growth  of 
young  albino  rats.  There  are  also  similar  data  concerning  num- 
erous animal  food  products.^    Some  information  respecting  the 

*The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash- 
ington, D.  C. 

1  For  references  to  the  literature  see  Osborne,  T.  B.,  and  Mendel,  L.  B., 
J.  Biol.  Chem.,  1917,  xxxii,  309;  1918,  xxxiv,  17.  Drummond,  J.  C,  J. 
Physiol.,  1918,  lii,  95. 
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distribution  of  the  fat-soluble  vitaiiiine  in  food  products  of  animal 
or  vegetable  origin  has  been  obtained;  but  apart  from  indications 
of  its  relative  abundance  in  the  fats  of  milk,  eggs,  liver,  and 
kidney,  our  present  knowledge  is  still  scanty.^ 

It  has  been  stated  that  the  green  leaves  of  plants  are  especially 
rich  in  the  fat-soluble  vitamine^  so  essential  for  the  growth  of 
young  animals,  but  the  data  on  which  this  assertion  is  based  are 
insufficient  to  justify  quantitative  conclusions  of  other  than  a 
very  general  character.  For  example,  McCoUum  and  his  asso- 
ciates have  shown  that  on  a  diet  containing  10  per  cent  of  im- 
mature alfalfa  leaves  as  the  source  of  all  vita-mines  a  young 
female  rat  grew  slowly  to  130  gm.  during  5  months.  Another 
young  rat  on  a  similar  diet  containing  only  5  per  cent  of  the 
alfalfa  leaves  lived  for  2  months,  but  did  not  grow.  When  the 
quantity  of  alfalfa  was  increased  to  30  per  cent  rapid  growth  and 
reproduction  followed.  Apart  from  statements  by  McCollum' 
that  cabbage  and  clover  furnish  enough  water-soluble  vitamine 
for  normal  growth  when  the  ration  contains  15  to  20  per  cent  of 
the  dried  leaves,  we  have  been  unable  to  discover  any  further 
information  relating  to  the  content  of  this  vitamine  in  green 
leaves,  although  numerous  assertions  have  been  made  that  they 
are  especially  rich  in  it. 

In  analyzing  McCoUum's  data  it  is  to  be  noted  that  while  20 
per  cent  of  dried  alfalfa  leaves  permitted  normal  growth,  10  per 
cent  led  to  slower  growth  and  5  per  cent  to  none  at  all.  We 
might,  therefore,  conclude  that  quantities  between  10  and  20  per 
cent  were  sufficient  to  furnish  enough  of  each  of  the  vitamines 
needed;  however,  we  cannot  decide  from  these  experiments 
whether  growth  was  limited  by  a  deficiency  of  the  vitamine 
soluble  in  water  or  of  that  of  the  fat-soluble  type.  Consequently 
no  opinion  can  be  formed  as  to  the  richness  of  this  plant  in  either 
one  or  the  other  of  these  essential  food  factors. 

In  view  of  the  practical  importance  of  definite  knowledge  of 
this  subject  and  the  paucity  of  available  data  we  have  under- 

*  McCollum,  E.  v.,  Simmonds,  X.,  and  Pitz,  W.,  Am,  J.  Physiol.^  1916, 
xli,  333.  McCollum,  E.  V.,  Harvey  Lectures,  1916-17,  xii,  151;  J.  Am. 
Med.  Assn.,  1917,  Ixviii,  1379.  McCollum,  Simmonds,  and  Pitz,  J,  Biol. 
Chem.,  1917,  xxx,  13. 
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taken  to  study  this  question.  Owing  to  the  urgent  need  for  such 
information  we  have  been  led  to  publish  this  preliminary  account 
of  the  results  thus  far  obtained.  More  detailed  reports  includ- 
ing reference  to  numerous  other  vegetable  products  will  follow. 

When  any  natural  food  contains  more  than  one  type  of  essen- 
tial accessory  it  is  necessary  to  test  for  each  one  separately  if  the 
relative  content  is  to  be  ascertained.  Thus  in  order  to  learn  the 
minimum  amount  required  to  furnish  enough  of  the  fat-soluble 
vitamine  for  growth,  the  product  to  be  tested  must  be  fed  in 
combination  with  a  diet  rich  in  water-soluble  vitamine;  and 
vice  versa  the  minimum  quantity  required  to  furnish  an  adequate 
supply  of  the  water-soluble  vitamine  for  growth  can  only  be 
determined  when  the  basal  diet  contains  sufficient  of  the  fat- 
soluble  type. 

As  a  preliminary  to  such  an  investigation  it  is  important  to 
know  whether  the  methods  employed  in  preparing  the  various 
substances  to  be  tested  have  any  deleterious  effects  upon  their 
vitamines.  The  initial  content  of  vitamines  in  fresh  green 
leaves  cannot  be  established  owing  to  their  high  water  content, 
which  makes  it  practically  impossible  to  feed  definite  quantities 
during  the  long  periods  involved  in  properly  conducted  experi- 
ments. Therefore  it  is  difficult  to  obtain  direct  evidence  of 
changes  which  may  be  caused  by  drying.  Such  evidence  as  we 
have,  as  well  as  that  reported  by  others,  indicates  that  the  water- 
soluble  vitamine  is  stable  at  temperatures  below  100°,  and  per- 
haps even  at  considerably  higher  temperatures.  Thus  it  has 
been  shown'  that  wheat  embr>'o,  milk  whey,  and  crude  lactose 
from  which  the  vitamine  has  not  been  fully  removed,  can  be 
heated  for  1  hour  at  15  pounds  pressure  without  apparent  deterio- 
ration of  the  water-soluble  vitamine,  and  we  can  confirm  the 
statement  that  protein-free  milk  can  be  boiled  for  several  hours 
without  destroying  its  activity  as  a  source  of  this  essential  food 
accessory.  McCollum,  Simmonds,  and  Pitz*  have  also  found 
that  navy  beans  still  retain  much,  if  not  all,  of  their  value  as  a 
source  of  w^ater-soluble  vitamine  after  being  heated  in  a  moist 
condition  at  15  pounds  pressure  for  Ij  hours.  In  addition  we 
have  shown  that  butter  fat  through  which  live  steam  was  passed 

'McCollum,  E.  v.,  and  Davis,  M.,  J.  Biol.  Chem.,  1915,  xxiii,  247. 
<  McCollum,  Simmonds,  and  Pitz,  J.  Biol.  Chem.,  1917,  xxix,  521. 
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for  2^  hours  was  still  efficient  as  a  source  of  the  fat-soluble  vita- 
mme,*  but  that  the  butter  "oil"  lost  its  potency  if  it  was  allowed 
to  stand  at  room  temperature  for  several  months.*  Recently 
Steenbock  and  his  coworkers'  have  maintained  that  very  pro- 
longed heating  of  butter  fat  tends  to  diminish  and  eventually  to 
destroy  its  value  as  a  source  of  fat-soluble  vitamine.  In  their 
behavior  towards  heat,  the  water-  and  fat-soluble  vitamines 
must  not  at  present  be  confused  with  the  so  called  antiscorbutic 
factor  in  foods,  which  seems  to  be  quite  easily  destroyed  by  even 
moderate  heating. 

Preparation  of  Plant  Products, 

The  freshly  gathered  green  leaves  were  carefully  freed  from 
adhering  impurities,  cut  into  small  pieces,  and  dried  at  about 
50-60°  in  the  air,  and  then  finely  ground.  The  preparation  of 
spinach  included  both  the  leaves  and  stems;  that  of  cabbage 
only  the  sound  inner  leaves,  which  were  separated  from  the  stalk; 
those  of  the  yoimg  alfalfa,  clover,  and  timothy  grass  included 
the  entire  plant  as  obtained  by  mowing.  These  latter  were  cut 
in  May  when  the  alfalfa  was  about  20  inches  high,  the  clover 
about  10  inches,  and  the  timothy  about  24  inches.  All  these 
plants  were  green  and  growing  vigorously  when  cut. 

Spinach  Leaves  as  a  Source  of  Water-Soluble  Vitamine, 

Chart  I  shows  the  results  of  feeding  an  otherwise  adequate 
diet  in  which  both  the  water-soluble  and  the  fat-soluble  vitamines 
were  supplied  solely  by  10,  6,  or  1  per  cent  of  dried  spinach  leaves. 

Those  animals  which  received  10  per  cent  at  first  grew 
at  a  normal  rate,  but  after  2  or  3  weeks  grew  more  slowly. 
After  being  fed  on  this  diet  for  70  to  90  days  the  four  animals 
responded  promptly  with  a  more  rapid  rate  of  growth  when 
200  mg.  of  yeast  per  day  were  furnished  instead  of  spinach  as  a 
source  of  the  water-soluble  vitamine.  From  these  results  we 
conclude  that  10  per  cent  of  spinach  supplies  somewhat  less  than 

*  Osborne  and  Mendel,  J.  Biol.  Chem.,  1915,  xx,  381. 

•  Osborne  and  Mendel,  /.  Biol.  Chem.,  1916,  xxiv,  37. 

^  Steenbock,  H.,  Boutwell,  P.  W.,  and  Kent,  H.  E.,  J.  Biol.  Chem,, 
1918,  xxxv,  517. 
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enough  of  the  waternBoluble  vitamine  needed  for  normal  growth. 
Unless  the  food  intake  is  known,  experiments  of  this  kind  afford 
no  information  respecting  the  absolute  amoimt  of  the  vitamine- 
isontaining  constituent  of  the  food  needed  by  the  normally 
•developing  animal.  The  quantity  actually  consumed  by  the 
rats  in  these  experiments  can  be  estimated  from  Table  I.  From 
these  figures  it  appears  that  from  4  to  7  gm.  of  dry  spinach  were 
•eaten  per  week,  or  a  total  of  66,  71,  72,  and  63  gm.  respectively 
during  the  13  weeks  in  which  the  rats  received  spinach.  Accord- 
ing to  our  experience  about  1.4  gm.  of  dried  brewers'  yeast  per 
week  are  required  to  promote  normal  growth,  or  18  gm.  during 
13  weeks.  Dried  yeast  is  therefore  somewhat  more  than  four 
times  as  efficient  as  dried  spinach  leaves  when  used  to  supply 
water-soluble  vitamine.  We  have  already  found  that  when 
used  as  a  source  of  water-soluble  vitamine  the  quantity  of  whole 
wheat,  soy  beans,  dried  eggs,*  or  milk  solids®  required  to  pro- 
mote normal  growth  is  approximately  twice  as  large  as  is  the 
quantity  needed  of  the  dried  spinach. 

When  only  5  per  cent  of  dried  spinach  furnished  all  the  vita- 
mine, practically  normal  growth  was  made  during  the  first  2 
weeks.  Growth  then  became  slower  and  ceased  much  sooner 
than  when  10  per  cent  was  fed.  That  the  rats  receiving  5  per 
cent  of  spinach  were  suffering  from  a  deficiency  of  the  water- 
soluble  vitamine  is  shown  by  their  prompt  recovery  when  yeast 
was  added  to  their  ration.  The  failure  of  Rat  4841  to  continue 
growth  as  long  as  Rats  4836  and  4857,  on  the  same  diet,  is  due  to 
the  fact  that  after  the  1st  week  it  ate  very  much  less  food  than 
the  other  two  and  consequently  received  proportionately  less  of 
the  spinach  (see  Table  I).  Its  subsequent  rapid  recovery  when 
supplied  with  more  vitamine  shows  that  on  a  suitable  diet  it 
was  able  to  gain  weight  with  great  rapidity.  When  the  food 
contained  only  1  per  cent  of  dried  spinach  growth  soon  ceased 
(Rats  4955  and  4956).  Rat  4955  resumed  growth  for  a  short 
time  when  the  quantity  was  increased  to  5  per  cent,  and  both 
these  rats  grew  steadily  after  yeast  was  substituted  for  the  spinach. 

The  marked  difference  in  the  curve  of  body  weight  for  Rat 
4841  compared  with  curves  of  the  others  on  the  5  per  cent  spin- 

•  Osborne  and  Mendel,  unpublished  data. 

•Osborne  and  Mendel,  J.  Biol.  Chem.,  1918,  xxxiv,  537. 


192 


Vitamines  in  Green  Foods 


• 

^_ 

^H 

U3 

c^ 

>» 

CO            >> 

o 

1 

Veast 
2  dail 
30 

PL, 

CQ 

Pu 

d 

fS'^o 

»-i 

^ 

<M 

^•^ 

CO 

>. 

^•» 

13 
O 

•S  '-•  2  22  fc 
;:x,       ^  CO  c^ 

2  S 

2  1  "=  S5  S?  S  ?3 

'O    "J^  'm 
C   >i    CI 

• 

&H 

Oi 

d« 

Oh   "^ 

d 

»-H 

U3 

N     J:-js 

CO 

>% 

•l 

1 

c  »o  2  £2  J2  SJ  J^: 

•^            ^    ^    CQ    CO    C'l 

'5    2    aJ    S  t^ 

.2  2i  '^  c  »c  "^  <N 

13   ' 

o 

.1 

o 

CI. 

O  >H    C^l     o. 

o  >.  o 

PL, 

X 

&.       d^ 

CL,  "^ 

d 

•  —  - 

1-H 

.C 

(N       i^x: 

« 
o 

« 

o 

u 

03  0^               e^ 

riod 
east 

dai 
inac 

5% 

C-. 

G 

§ 

S 

5 
%) 

O 

CI. 

o  ;>-i  •-•   c 

Oh  Cfi 

>— 1         o  "^ 

TABT.F.  I. 
».,  of  Rats  0 

• 

c 

CM 

U3 
C»OC'1QOQQCPCOIMOO^ 

Period  2 

Yeast 

0.1  daily 

Spinach 

{£ 

1 

c:? 

1 

u 

.5j,-iCOI>-»C?i'«J''<1<"«f^»C»CCOC0 

13    2 

daily 
72 

O 

Ci. 

«  1^ 

»-i 

CL,  M 

d 

•**i 

T3 

O 

13 

33      C3 

OD 

o 

a  o  «p  !>•  o  o  »2  ' 
.S  .-1  uS  »o  o  i>  CO  1 

-HOiMC^OCiC^'ff^ 

O 

a  --3 

•Jtf 

^ 

O   t^   CO    "^    CO   CO    CO    M* 

Urn 

a- 

«> 

a; 

c. 

o 

>i    (N 

^ 

04 

X 

Su, 

O 

1— t 

^ 

CM 

^ 

(O 

13 

c3   CT^         O- 

5  _3 

3 

O 

CI. 

c 

u 

a 

c5  13 

&H 

Ctt 

Cl^ 

c 

esi 

3 

1-H 

x: 

IM 

>> 

•^ 

13 

13 

X    e3 

5 

O 

o 

.SOQ-^OCOOXtOCOOOCO^^OQ 

c3   -rj 

O 

4 

Pu, 

02 

0. 

O 

T.  B.  Osborne  and  L.  B.  Mendel 


193 


J3  >«  (N  a  "=*  J 


C9 

08 


jr 


QQ 


^S 


•c 


d   N   ^   CI 

0>   ^   t>-  00   00   O) 


i^-a 


*r  o>      .a  ^  a> 
S  >4  c<i  a 


CO      ,5»pa 

Ti   ■**  "* 


GO 


fc,   ^  -S  !>. 

Q)    >H    CVl      a 

0.       o^ 


o 


s 


s 


o 


"^  •—  "o  vO 

C3  o  ;3;  CO  go  lO 

a 


V 


03 


;>-•  Tf 


CO  >^j^ 

0  >4  csi   a 


S^ 


00 


-gal  §^ 
•g  i  ^  .2  <=^  g 

o  >4  d  a 


S 


«  ^ 


.g 

GQ 


3S 


a 


CO    CO 


CO 

03 


5^ 

GO 


S 


to 

a 

Q 


TUK  JOURNAL  OF  BIOLOGICAL  CHBIUBTRT,  VOL.  XXXYII,  NO.  1 


194  Vitamines  in  Green  Foods 

ach  diet,  illustrates  occasional  differences  encountered  in  feeding 
individual  animals  on  identical  diets  containing  a  fixed  proportion 
of  the  vitamine-bearing  ingredient.  If  for  any  reason  the  food 
intake  of  an  animal  falls  below  the  normal,  the  amount  of  vita- 
mine  consumed  likewise  falls,  with  the  effect  of  impairing  the 
condition  of  the  animal  and  further  reducing  its  food  intake. 
Thus  it  goes  from  bad  to  worse,  for  the  influence  of  the  vitamine 
is  continuously  diminishing  and  consequently  also  the  food 
intake.  This  is  by  no  means  an  isolated  example,  for  our  records 
contain  numerous  cases  of  this  character.  Table  I,  which  gives 
the  amount  of  food  eaten  each  week  during  the  various  periods 
of  these  experiments,  shows  how  great  an  increase  in  food  intake 
results  when  the  supply  of  vitamine  is  increased,  the  absolute 
amount  eaten  usually  being  doubled  or  trebled.  The  impor- 
tance of  an  adequate  supply  of  vitamine  is  especially  exhibited  by 
the  four  rats  on  the  10  per  cent  spinach  diet.  During  Period  1 
these  rats  were  already  receiving  enough  vitamine  to  promote 
growth  at  a  nearly  normal  rate.  The  increased  vitamine  supply 
furnished  in  Period  2  very  greatly  increased  the  quantity  of 
food  eaten  (see  Table  I). 

WTiether  the  water-soluble  vitamine  simply  increases  appetite 
and  hence  promotes  growth,  or  whether  it  supplies  some  essen- 
tial chemical  factor  which  renders  growth  possible  cannot  be 
determined  by  any  data  heretofore  recorded.  The  fact  remains, 
however,  that  the  addition  of  vitamine  to  a  ration  containing  too 
little  of  this  factor  is  followed  by  a  very  marked  increase  in  food 
intake  with  accompanying  rapid  gain  in  weight.  On  the  other 
hand,  loss  of  weight  on  vitamine-poor  diets  almost  invariably 
precedes  a  lessened  intake  of  food,  from  which  it  seems  more 
probable  that  the  impaired  health  of  the  animal  is  due  to  insuf- 
ficiency of  an  essential  food  factor  rather  than  to  an  insufficient 
quantity  of  food.  Conversely,  when  the  water-soluble  vitamine 
is  increased  in  quantity  after  a  decline  on  a  vitamine-poor  diet 
the  increased  food  intake  which  follows  is  most  likely  due  to  an 
improved  physical  condition  caused  by  the  vitamine,  for  the 
resulting  rapid  recovery  in  body  weight  must  necessarily  be 
accompanied  by  a  correspondingly  greater  food  intake. 
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Fat'Soluble  Vitamine  in  Spinach  Leaves, 

It  is  too  early  to  make  final  statements  as  to  the  relative 
amount  of  the  fat-soluble  vitamine  in  spinach  leaves,  but  the 
experiments  here  described  indicate  that  these  are  rich  in  this 
food  factor,  so  important  for  the  normal  growth  of  yoimg  rats. 
Even  after  190  days  of  experimental  feeding  the  four  rats  supplied 
with  the  10  per  cent  spinach  have  shown  no  lack  of  the  fat- 
soluble  factor  in  their  diet,  as  evidenced  by  a  decline  of  weight 
or  affected  eyes,  although  after  the  first  80  to  90  days  of  feeding 
the  spinach  was  removed  from  their  food  and  nothing  else  sup- 
plied an  appreciable  amount  of  this  type  of  vitamine.  Rat 
4852  at  the  present  time  has  attained  a  weight  nearly  50  per 
cent  above  normal  while  the  other  three  are  of  practically  normal 
weight.  Rats  4836  and  4857,  similarly  receiving  only  5  per  cent 
of  spinach,  or  34  and  26  gm.  during  the  first  87  and  83  days 
respectively  of  the  180  days  of  experimental  feeding,  are  still 
normal  in  weight,  although  they  received  none  of  the  fat-soluble 
vitamine  during  the  last  93  and  97  days  respectively. 

These  facts  indicate  that  spinach  leaves  are  in  reality  richer  in 
this  food  factor  than  most  of  the  products  used  in  our  ordinary 
rations.  The  final  outcome  of  these  experiments,  together  with 
others  now  in  progress,  must  show  how  small  a  quantity  will 
actually  supply  all  that  the  young  rat  needs  for  normal  growth. 

Water-Soluble  Vitamine  in  Cabbage  Leaves. 

Chart  II  shows  that  when  15  per  cent  of  dried  cabbage  sup- 
plied both  the  water-soluble  and  the  fat-soluble  vitamines  growth 
ensued  at  slightly  less  than  the  normal  rate.  It  is  possible  that 
the  failure  of  Rats  4616  and  4639  to  make  better  growth  was 
due  to  a  deficiency  in  the  fat-soluble  factor,  for  when  9  per  cent 
of  butter  fat  replaced  a  corresponding  quantity  of  lard  an  appre- 
ciable change  in  the  rate  of  growth  occurred.  However,  this 
failure  was  more  likely  due  to  a  deficiency  of  water-soluble  vita- 
mine, because  Rats  4642  and  4643,  also  receiving  15  per  cent  of 
cabbage,  continued  to  gain  in  weight  for  a  much  longer  time  and 
recovered,  after  they  had  ultimately  failed,  when  a  little  yeast 
was  added  to  their  diet.  This  recovery  occurred  in  spite  of  the 
fact  that  no  butter  fat  was  fed  during  the  180  days  of  the  experi- 
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mental  feeding.  With  yeast  alone,  even  when  much  larger 
quantities  were  administered  we  have  never  succeeded  in  restor- 
ing rats  which  were  declining  on  diets  low  in  the  fat-soluble 
vitamine. 

When  the  ration  contained  only  5  per  cent  of  dried  cabbage 
Rats  4839  and  4855  soon  declined  in  weight  and  failed  to  recover 
when  provided  with  an  abundant  supply  of  butter  fat.  Since 
both  these  rats  recovered  very  rapidly  when  a  Uttle  yeast  was 
added  to  the  diet  the  failure  to  grow  was  obviously  due  to  an 
insufficient  supply  of  the  water-soluble  vitamine.  Chart  II 
shows  plainly  that  15  per  cent  of  cabbage  affords  somewhat  less 
than  the  minimum  of  water-soluble  vitamine  needed  for  normal 
growth.  Expressed  in  terms  of  absolute  intake  the  rats  which 
grew  on  15  per  cent  of  cabbage  ate  85,  86,  119,  107  gm.  respec- 
tively of  dried  cabbage  in  13  weeks;  an  amount  not  quite  suffi- 
cient to  supply  enough  water-soluble  vitamine  to  promote  growth 
at  the  normal  rate.  It  will  be  noted  that  quantities  of  dried 
spinach  somewhat  smaller  than  those  of  cabbage  sufficed  to  secure 
normal  growth.  However,  one  must  be  careful  not  to  draw  final 
conclusions  from  too  few  experiments,  for  during  the  first  9  weeks 
of  experimental  feeding  Rat  4858  on  the  5  per  cent  cabbage  diet 
made  as  large  a  gain  in  weight  as  the  average  gain  made  by  the 
rats  on  the  15  per  cent  diet  although  the  absolute  quantity  of 
cabbage  eaten  by  this  rat  was  only  about  one-third  of  the  aver- 
age amount  eaten  by  the  rats  on  rations  containing  the  larger 
proportion  of  cabbage.  This  is  an  example  of  the  capacity  of  an 
animal  to  grow  well,  although  receiving  only  a  relatively  small 
amoimt  of  vitamine.  We  have  already  called  attention  to  this 
subject  in  connection  with  the  effect  of  yeast  as  a  vitamine.^^ 

Water-Soluble  Vitamine  in  Alfalfa,  Clover^  and  Timothy  Plants. 

All  these  preliminary  experiments  with  alfalfa,  clover,  and 
timothy  plants  in  their  rapidly  growing  state  were  made  with  too 
small  quantities  to  enable  us  to  make  statements  of  definite  value 
in  regard  to  their  content  in  water-soluble  vitamine  or  to  com- 
pare them  with  spinach  or  cabbage  leaves  (sec  Chart  III).  The 
results  which  were  obtained  with  clover  and  timothy  are  similar 

"  Osborne  and  Mendel,  /.  Biol.  Chem.y  1917,  xxxi,  157. 
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to  those  recorded  for  comparable  proportions  of  cabbage  leaves. 
The  growth  made  on  diets  containing  only  5  per  cent  of  alfalfa 
indicate  that  this  plant  is  somewhat  richer  in  water-soluble 
vitamine  than  either  clover  or  timothy.  New  tests,  now  in 
progress,  must  show  the  effect  of  feeding  larger  quantities  of 
these  food  products  than  were  used  in  these  experiments. 

FatnSolvble  Vitamine  in  Alfalfa j  Clover j  and  Timothy  Plants. 

The  striking  feature  of  these  experiments  is  the  small  amount 
of  these  plants  needed  to  supply  sufficient  fat-soluble  vitamine  for 
long  continued  and  vigorous  growth.  Thus  in  spite  of  the  defi- 
ciency of  water-soluble  vitamine  suppUed  in  the  first  period  all 
these  rats  at  the  time  of  writing,  after  170  days  of  experimental 
feeding,  are  still  at  a  weight  practically  normal  for  their  age 
although  fat-soluble  vitamine  was.  furnished  to  none  of  them, 
except  Rat  4908,  from  any  other  source  than  the  green  plants. 
During  the  entire  course  of  the  experiment  they  have  eaten  only 
26  and  32  gm.  of  alfalfa,  23,  24,  and  23  gm.  of  clover,  and  25, 
21,  and  20  gm.  of  timothy.  More  experiments  now  in  progress 
are  needed  to  show  how  much  less  than  this  small  quantity  will 
furnish  enough  fat-soluble  vitamine  to  suffice  for  normal  growth. 
We  have  not  given  the  food  intake  of  these  rats  fed  with  alfalfa, 
clover,  or  timothy,  because  such  data  have  no  special  importance 
in  the  present  discussion. 

If  one  may  draw  conclusions  from  the  limited  data  now  avail- 
able, it  seems  that  the  green  vegetables  supply  an  important 
addition  to  the  diet  of  man  because  the  staples  such  as  cereals, 
meats,  potatoes,  fats,  and  sugar  probably  furnish  too  small  an 
amount  of  cither  of  these  vitamines  to  meet  fully  the  require- 
ments of  an  adequate  dietary.  Therefore  care  should  be  taken 
not  to  reduce  greatly  the  quantity  of  green  vegetables  custom- 
arily eaten  until  more  is  learned  about  the  actual  requirements 
for  these  food  factors  and  their  relative  abundance  in  the  com- 
monly used  vegetables  and  green  foods.  Only  then  will  it  be 
safe  to  apply  the  results  obtained  in  the  laboratory  to  attempts 
to  effect  economies  in  the  use  of  these  relatively  expensive  food 
products. 
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From  the  standpoint  of  nutrition  a  knowledge  of  the  stability 
■of  the  water-soluble  food  accessory  under  the  various  conditions 
to  which  it  may  be  subjected  during  the  processes  of  food  pres- 
■ervation  and  preparation  is  of  importance.  Individuals  living 
on  a  mixed  diet  which  includes  fairly  liberal  amounts  of  raw 
fruits  and  vegetables  without  doubt  are  getting  a  considerable 
•excess  of  the  antineuritic  vitamine;  but  the  changing  economic 
conditions  have  brought  about  an  increased  consiunption  of 
<»nned  and  dried  foods.  To  what  extent  may  the  margin  of 
safety  be  lessened  by  these  dietary  changes? 

Reports  of  investigations  dealing  with  the  effect  of  high  temperatures 
(lOO^C.  or  over)  on  this  essential  food  constituent  are  contradictory.  In 
certain  instances  the  protective  action  against  polyneuritis  has  been  found 
to  be  destroyed  in  foods  subjected  to  a  temperature  of  120*'C.  for  a  given 
length  of  time,  while  in  others  it  apparently  remains  unaffected.  For  ex- 
ample, Grijns*  found  that  small  quantities  of  "Katjang-Idjo"  beans  (Pha^ 
eeolus  radiatus)  boiled  for  2  hours  at  120°C.  and  added  to  peeled  rice  lost 
their  power  against  polyneuritis  in  chickens.  Similarly,  meat,  and  to 
some  extent. unpeeled  rice  heated  to  120**C.  failed  in  their  protective  action. 
Eijkman,'  however,  reported  that  horse  flesh  boiled  for  2  hours  at  this 
temperature  did  not  produce  polyneuritis  in  pigeons,  although  unpeeled 
rye,  oats,  millet,  and  barley,  which  had  been  boiled  for  2  hours  at  115**, 
125°,  and  ISo^C.  respectively  had  little  protective  action.  The  anti- 
neuritic properties  of  wheat  embryo  and  whey  McCollum  and  Davis' 

*  Grijns,  cited  by  Holat,  A.,  /.  Hi/g.,  1907,  vii.  619. 

*  Eijkman,  C,  Vir chows  Arch.  path.  Anat.,  1897,  cxlviii,  523. 

^  McColhim,  E.  V.,  and  Davis,  M.,  /.  Biol.  Chem.,  1915,  xxiii,  247. 
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found  were  unimpaired  after  heating  in  an  autoclave  for  1  hour  at  1$- 
pounds  pressure.  But  according  to  Chick  and  Hume*  wheat  embryo  and 
yeast  extract  lose  their  potency  at  temperatures  above  100°C.  Exposure 
for  40  minutes  to  a  mean  temperature  of  about  113°C.  decreases  the 
efficiency  about  one-half  as  compared  with  the  unheated  control;  exposure 
for  2  hours  to  118-124°C.  reduces  their  power  to  less  than  one-fourth. 
McCoUum,  Simmonds,  and  Pitz*  were  able  to  get  normal  growth  on  a 
ration  in  which  navy  beans,  heated  for  IJ  hours  at  15  pounds  pressure 
(120°C.)i  were  the  sole  source  of  the  antineuritic  vitamine.  Comparable 
results  were  obtained  by  Daniels  and  Nichols*  with  soy  beans  heated  for 
30  to  40  minutes  at  15  pounds  pressure.  At  100**C.  most  observers 
have  detected  no  destruction  of  the  vitamine  in  neutral  or  acid  media, 
although  in  dilute  alkaline  solutions  it  appears  markedly  affected  at  this 
temperature. 

The  explanation  of  the  conflicting  results  in  the  vitamine- 
containing  substances  heated  to  the  higher  temperatures  is  not 
clear.  It  is  possible  that  in  certain  instances  small  amounts  of 
the  antineuritic  material  were  used.  WTien  the  minimum  amoimt 
is  present  a  slight  destruction  would  produce  conspicuous  results. 
It  is  also  conceivable  that  the  antineuritic  vitamine  may  be 
present  in  tissues  in  two  forms,  one  so  boimd  chemically  that  it  is 
unaffected  by  treatment  which  is  destructive  to  the  free  or  \m- 
bound  form.  Vedder  and  Williams,^  and  Williams  and  Seidell* 
have  observed  that  acid  hydrolysis  of  the  alcoholic  extract  of 
rice  polishings  produced  a  substance  more  promptly  curative  in 
small  doses  than  the  original  extract.  The  greater  potency  of  the 
extract  after  hydrolysis  may  be  due  to  the  liberation  of  a  portion 
which  had  been  chemically  bound.  Recent  studies  by  Cohen 
and  MendeP  relative  to  the  etiology  of  scurvy  suggest  that  in 
certain  instances  an  antiscorbutic  vitamine  may  be  similarly 
bound.  Sprouted  oats  and  barley  were  found  to  be  more  effec- 
tive in  preventing  the  onset  of  scurvy  in  guinea  pigs  than  the 
unsprouted  seeds.     It  is,  moreover,   not  improbable  that   the 

<  Chick,  H.,  and  Hume,  E.  M.,  Proc.  Roy.  Soc,  Series  B.  1917-18,  xc,  CO. 
•McCollum,  E.  v.,  Simmonds,  N.,  and  Pitz,  W.,  J.  Biol,  Chem,,  1917, 
xxix,  521. 

•  Daniels,  A.  L.,  and  Nichols,  N.  B.,  /.  Biol,  Chem.,  1917,  xxxii,  91. 
^Vedder,  E.  B.,  and  Williams,  R.  R.,  Philippine  J.  Sc,  B,  1913,  viii, 

175. 

«  Williams,  R.  R.,  and  Seidell,  A.,  /.  Biol.  Chem.,  1916,  xxvi,  431. 

•  Cohen,  B.,  and  Mendel,  L.  B.,  /.  Biol.  Chem.,  1918,  xxxv,  425. 
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physiological  structure  of  food  may  be  a  factor  in  determining 
the  amount  of  destruction  of  the  antineuritic  vitamine,  the 
starch  and  hemicelluloses  of  certain  vegetables  acting  as  protec- 
tive materiq,l. 

Studies  dealing  with  the  extracted  antineuritic  vitamine  are  of 
inestimable  value  in  throwing  light  on  the  chemical  nature  of 
the  complex,  but  from  these  one  should  not  conclude  that  com- 
parable changes  take  place  in  foods  similarly  treated.  In  order 
to  know  whether  the  observed  phenomena  are  applicable,,  dif- 
ferent types  of  foods  which  have  been  treated  as  far  as  possible  in 
accordance  with  the  household  and  commercial  processes  must  be 
studied. 

Since  the  usual  household  method  of  procedure  consists  in 
cooking  vegetables  in  boiling  water,  while  a  temperature  of 
120**C.  is  most  frequently  used  in  the  commercial  canners  and  in 
the  household  pressure  cookers,  we  have  endeavored  to  deter- 
mine whether  the  time  required  to  cook  certain  types  of  vege- 
tables imder  these  conditions  is  sufficiently  long  to  affect  their 
antineuritic  properties.  Studies  have  also  been  made  of  the 
effect  of  cooking  vegetables  in  dilute  alkaline  solutions  at  the 
boiling  temperature,  for  the  practice  of  adding  small  amounts  of 
sodimn  bicarbonate  (cooking  soda)  to  the  water  in  which  such 
vegetables  as  beans,  peas,  and  cabbage  are  cooked  is  not  un- 
common, in  order  to  dissolve  the  intercellular  material  and  de- 
crease the  time  of  cooking,  or  to  preserve  the  natural  color.  This 
point  is  of  particular  interest,  since  the  water  in  which  foods  are 
cooked  in  some  sections  of  the  coimtry  is  permanently  hard. 

The  vegetables  used  in  the  investigation  were  (1)  cabbage, 
representative  of  the  starch-free,  succulent  vegetable,  contain- 
ing small  amounts  of  intercellular  material  which  might,  by 
adsorption,  act  as  protective  material  to  the  vitamine;  (2)  beans, 
both  soy  and  navy,  foods  containing  considerable  hemicelluloses 
and  starch,  which  are  most  frequently  cooked  in  the  pressure 
cooker,  or  to  which  sodium  bicarbonate  is  added. 
.  In  the  investigation  emphasis  was  laid  on  the  difference  in  the 
antineuritic  properties  of  beans  cooked  at  high  temperatures 
(approximately  120°C.)  and  those  cooked  in  water  to  which 
dilute  alkalies  had  been  added.  No  comparisons  were  made 
between  the  cooked  and  raw  beans  since  imcooked  beans  are  not 
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a  possible  food  for  man.  With  the  cabbage,  studies  have  been 
made  of  the  effect  of  raw  cabbage  and  cabbage  cooked  under 
three  different  conditions;  namely,  (1)  in  water  at  100**C.,  (2) 
in  water  at  120*C.  for  15  minutes,  and  (3)  in  boiliog  water  to 
which  a  slight  excess  of  alkali  had  been  added.  The  same  amount 
of  cabbage  was  used  in  all  rations,  the  water  in  which  the  cab- 
bage was  cooked  being  included. 

Comparable  studies  were  made  with  purified  rations  to  which 
the  water-soluble  vitamine  from  beans  cooked  at  120^C.  for  20 
and  40  minutes  respectively  were  added,  for  it  seemed  probable, 
from  the  reports  of  other  investigations,  that  the  extracted  food 
accessory  is  more  sensitive  to  untoward  influences  than  the 
unextracted  material.  Furthermore,  it  is  of  interest,  particularly 
in  relation  to  infant  feeding,  to  know  whether  the  liquor  from 
vegetables  similarly  cooked  has  any  antineuritic  value.  The 
possibility  of  using  the  vegetable  liquor  as  a  milk  diluent  suggests 
itself,  for  it  has  been  shown  by  Osborne  and  Mendel^®  that  the 
water-soluble  food  accessory  in  milk  is  not  so  high  as  we  have 
hitherto  believed.  The  dilution  of  cow's  milk  with  water  or  a 
cereal  diluent  low  in  this  food  accessory  may  result  in  a  food 
containing  too  little  of  the  antineuritic  vitamine  for  physiologic 
well  being. 

Young  animals  show  the  effects  of  inadequate  diets  much  more 
quickly  than  adults.  This  is  especially  true  of  diets  lacking  the 
water-soluble  food  accessory.  Therefore,  in  our  study  animals 
(rats)  from  4  to  6  weeks  old  were  selected  for  the  trial  feedings. 
All  the  diets,  as  far  as  possible,  were  comparable,  containing 
equivalent  amounts  of  physiologically  good  proteins,  fat,  inor- 
ganic salts,  and  carbohydrates.  Since  quantitative  determi- 
nations of  the  fat-soluble  vitamine  have  not  been  possible,  the 
diets  in  all  cases  included  an  excess,  as  shown  by  the  results  of 
previous  investigations.  In  addition  to  the  amount  supplied  by 
the  vegetables  used,  5  gm.  of  butter-fat  were  added  to  every  100 
gm.  of  dry  ration.  When  the  ration  consisted  of  purified  mate- 
rials 8  gm.  were  used. 

There  was  undoubtedly  some  variation  in  the  amount  of  water- 
soluble  food  accessor>'  present  in  the  several  diets;  but  in  all 

"  Osborne,  T.  B.,  and  Mendel.  L.  B.,  /.  Biol.  Chem.,  1918,  xxxiv,  537. 
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cases  an  excess,  we  believe,  was  included.  For  example,  100 
gjai.  of  the  navy  bean  ration  contained  50  gm.  of  navy  beans. 
Similarly,  50  gm.  of  beans  were  used  as  the  source  of  the  water- 
soluble  food  accessory  in  the  purified  ration,  and,  although  the 
method  of  extraction,  in  all  probability,  did  not  remove  com- 
pletely the  antineuritic  vitamine,  it  would  seem  as  if  there  were 
an  abundant  supply  present,  since  McCollum  and  coworkers' 
have  produced  normal  growth  in  rats  fed  rations  in  which  the 
waternsoluble  vitamine  was  obtained  from  25  gm.  of  navy  beans. 
In  our  soy  bean  rations  55  gm.  were  used. 

While  no  data  are  available  regarding  the  amoimt  of  cabbage 
necesisary  to  furnish  sufficient  water-soluble  vitamine  for  rats, 
McCollum  and  Kennedy"  conclude  from  their  work  with  poly- 
neuritic pigeons  that  the  material  is  present  in  rather  low  con- 
centration. In  our  rations,  in  order  to  make  sure  that  enough 
was  included,  250  gm.  of  cabbage  were  used  to  every  100  gm.  of 
dry  ration. 

The  extracted  water-soluble  material  from  the  beans  was 
obtained  in  the  following  manner.  The  beans  were  soaked  12 
hours,  then  autoclaved  at  15  pounds  pressure  for  20  minutes  in 
the  case  of  navy  beans  and  40  minutes  for  the  soy  beans.  This 
cooked  material  was  then  comminuted  by  pressing  through  a 
strainer,  the  liquor  was  filtered  off,  and  the  beans  were  washed 
several  times  with  a  Uberal  amount  of  distilled  water.  The 
filtrate  and  washings  were  then  evaporated  to  small  bulk,  alcohol 
was  added  to  precipitate  the  proteins,  starch,  and  pectins;  and 
the  material  was  again  filtered  and  the  alcohol  distilled  off. 

It  is  obvious  that  by  this  method  no  conclusions  can  be  drawn 
with  regard  to  the  amount  of  destruction  that  may  have  taken 
place  in  the  food  accessory  at  the  temperature  employed.  We 
were,  however,  not  concerned  with  the  question  of  how  much 
destruction  resulted,  but  whether  the  liquor  from  the  foods, 
particularly  beans,  thus  cooked,  contains  appreciable  quantities 
of  the  antineuritic  vitamine. 

Recent  studies  of  the  effect  of  dilute  alkalies  at  high  tempera- 
tures on  the  extracted  antineuritic  vitamine  have  indicated  that 
considerable  destruction  takes  place.    McCollum  and  coworkers" 

"  McCollum,  E.  v.,  and  Kennedy,  C,  /.  Biol.  Chem.j  1916,  xxiv,  491. 
"  McCollum,  E.  v.,  and  Simmonds,  N.,  /.  Biol.  Chem.,  1918,  xxxiii,  55. 
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brought  young  rats  to  a  standstill  by  feeding  a  purified  ration 
lacking  only  the  water-soluble  vitamine.  When  the  extract 
from  10  per  cent  of  wheat  embryo,  which  had  been  previously 
treated  with  a  0.28  per  cent  solution  of  sodium  hydroxide  at 
100°C.  for  an  hour,  was  added  to  the  ration,  the  rats  failed 
to  grow.  These  authors  concluded  that  the  alkali  had  de- 
stroyed almost  completely  the  antineuritic  sul^stance.  In  view 
of  these  results  it  seemed  of  interest  to  determine  whether  the 
extracted  vitamine  from  the  cooked  beans  was  equally  sensitive. 
Therefore  in  our  experiments  the  water  extracts  of  the  beans 
prepared  as  described  above  were  first  made  slightly  alkaline  to 
phenolphthalein  with  0.1  n  sodium  hydroxide;  an  excess  of  6.44 
cc.  of  the  sodium  hydroxide  solution  was  then  added  and  the 
whole  boiled  in  a  reflux  condenser  for  30  and  60  minutes  respec- 
tively. In  all  cases  the  water  was  distinctly  alkaline  to  litmus 
before  and  after  boiling. 

In  testing  the  effect  of  cooking  vegetables  with  dilute  alkali 
33  cc.  of  a  5  per  cent  sodiiun  bicarbonate  solution  were  added  for 
every  50  gm.  of  navy  or  soy  beans,  and  63  cc.  for  every  250  gm. 
of  cabbage.  The  vegetables  were  cooked  in  distilled  water  until 
tender, — navy  beans  90  minutes,  soy  bean  120  minutes,  and 
cabbage  45  minutes.  The  excess  alkali  was  neutralized  with 
0.1  N  hydrochloric  acid,  and  the  vegetables  were  then  combined 
with  the  other  ingredients  of  the  rations,  the  casein  and  butter 
fat  being  prepared  in  accordance  with  the  usual  methods.^ 

Since  none  of  the  vegetables  in  the  amounts  used  supplied 
suflScient  inorganic  material  for  the  experimental  animals,  one 
of  the  various  salt  mixtures  was  used  in  each  ration  to  make  the 
total  inorganic  content  comparable  to  that  of  whole  milk.  A 
few  sprinklings  of  ferric  citrate  were  added  to  the  purified  rations, 
and  two  drops  of  a  2  per  cent  potassium  iodide  soution  were 
added  to  the  distilled,  drinking  water  once  a  week.  The  data 
concerning  the  composition  of  the  various  rations  are  given  in 
Tables  I  and  II. 

The  growth  curves  of  the  animals  fed  navy  beans  cooked  at 
120°C.  for  20  minutes  (Chart  I,  Group  1)  as  well  as  those  fed 
beans  cooked  with  an  excess  of  sodium  bicarbonate  (Chart  I, 
Group  2)  indicate  that  in  neither  case  was  there  any  great  de- 
struction of  the  antineuritic  vitamine.     Growth  in  both  groups 
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TABLE  I. 
Maltriah  Used  in  100  Gm.  (4  Dry  Aoiion. 


WnWf-Boluble  food  nmMiory. 
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1 
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»ln. 
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)0  Autoclaved       33 
min.  at  ia°C. 

5 

8 

2 

5.  IS 

13 
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4.52 

II 

" 

lO  Boiled  with  33  CO 
5%  NaHCO,. 

5 

8 

2 

5,18 

13 

18  82 
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Soy       " 

5  Autoclaved       40 
rain,  at  I»°C. 

5 

3 

3.46 

10 

26  55 

4.61 

IV 

" 

5  Boiled  with  33  cc. 
b'-Vc  NaHCO,. 

5 

3 

3.46 

10 
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4.61 

V 

Cabbage.       2 

*  Raw. 

5 

15 

4 

6.53 

10 

63  47 

4.73 

VI 

%. 

a  Boiled  at  lOO^C. 

5 

15 

4 

6.53 

10 
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4.73 

VIT 

2. 

>0  Autoclaved          15 
mill,  at  120X. 

5 

15 

4 
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10 
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4  73 
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%. 

■0  Boiled    with    62.3 
ec.  5%  NaHCO,. 

I 

15 

4 
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10 
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IX 

Soybeana. 
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beans          auto- 
claved  40   niin. 
at  120''C. 

S 

IS 

8. 45 

10 

55. 5S 

2 

4.77 

X 

" 

^Same  as  No.  IX, 
but     extraction 
boiled    30    min. 
with  6.4  ec.  ex- 
ceSBO.lNNaOH. 
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18 

I 

8.46 

10 

55  55 

2 

4.77 

XI 

Novy  be  ana. 

>0  Extracted       from 
beans          auto- 
claved   20   min. 
at  120°C. 

8 

18 

1 

8.45 

10 

55.55 

2 

4,77 

XII 

lOSame  aa  No.  XI, 
but      extraction 
boiled    30    min. 
with  6.4  cc.  ex- 
cessO.lxNaOH. 

8 

18 
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10 
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2 
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XIII 

fl.Same  as  No.  XI, 

but      extraction 
boiled    60    min. 
with  6.4  cc,  ex- 
cessO.l^NaOH. 

« 

18 

1 

S.4& 

10 
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2 

4.77 
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TABLE  n. 
Compotilion  o!  Salt  Mixlur 
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Chabt  I.  The  growth  curves  of  animale  (Group  1 )  fed  rations  in  which 
the  only  source  of  the  antineuritic  vitamine  was  navy  beana  heated  for 
40  minutes  at  t20''C.  (Ration  I)  give  do  indication  of  vitamine  destruc- 
tion. Nor  do  the  curves  of  growth  of  animals  (Group  2)  receiving  rations 
containing  navy  beans  boiled  in  a  dilute  alkaline  solution  (Ration  ID- 
show  a  decrease  in  the  potency  of  the  vitamine. 

was  rather  remarkable  as  compared  with  that  of  rats  usually 
coDsidered  normal.  Our  animab  on  the  bean  rations  not  only 
grow  more  rapidly  but  reproduced  at  an  early  age. 

The  curves  of  growth  of  animals  (Chart  II)  fed  the  rations 
containing  the  soy  bean  which  had  been  treated  the  same  way 
as  the  navy  beans  also  indicate  that  neither  high  temperatures 
(Group  I)  nor  dilute  alkalies  at  the  boiling  temperature  (Group 
2)  an'  very  detrimental  to  the  antineuritic  vitamine  in  foods. 
As  in  the  caae  of  the  navy  beans,  the  growth  curves  surpass 
those  usually  considered  normal.  Similarly,  reproduction  oc- 
curred at  an  early  age  and  the  young  were  successfully  reared. 


A.  L.  Daniels  and  N.  I.  McClurg 


209 


Apparently  the  antineuritic  vitomine  of  beans  cooked  in  a  pres- 
sure cooker,  commercially  camied  beans,  and  beans  made  soft 
by  the  addition  of  sodium  bicarbonate  is  not  greatly  affected  by 
these  processes. 

The  resulta  of  the  feeding  experiment  with  cabbage  (Chart 
HI)  are  of  particular  interest,  since  comparisons  have  been 
made  between  animab  fed  raw  cabbage  (Group  1)  and  those  fed 
cabbage  cooked  in  the  pressure  cooker  (120°C,)  for  15  minutes 
(Group  2);  boiled  in  distilled  water  45  minutes  (Group  3);  and 
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Chart  II.  The  sntineuritic  vit&miae  of  soy  beans  apparently  is  not 
greatly  affected  by  cooking  the  beans  in  an  autoclave  at  IS  pounds  prea- 
Biire  for  40  minutes,  nor  by  cooking  at  the  boiling  temperature  in  a  dilute 
alkaline  solution.  The  animals  (Group  2)  receiving  the  soy  beaus  boiled 
with  sodium  bicarbonate  (Ration  IV)  grew  as  well  as  thoae  (Group  1) 
fed  be&na  cooked  at  the  higher  temperature  (Ration  III). 


boiled  in  a  dilute  alkali  30  minutes  (Group  4).  The  growth 
curves  of  all  are  similar  and  give  no  indication  that  there  was 
considerable  destruction  of  the  vitamine,  resulting  from  the 
various  methods  of  treatment.  It  is  possible  that  longer  cook- 
ing under  similar  conditions  would  have  produced  difEcrent 
results,  but  since  our  aim  was  to  determine  the  effect  on  the 
antineuritic  vitamine  in  vegetables  prepared  in  accordance  with 
the  usual  household  and  canning  processes,  there  seemed  no 
point  in  longer  treatment. 
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Our  failure  to  obtain  results  indicating  that  high  temperatures 
and  dilute  alkalies  at  the  boiling  temperature  are  destructive  to 
tho  antineuritic  vitamine  apparently  was  not  due  to  the  fact  that 
a  large  part  of  the  vitamine  was  held  in  the  vegetable  and  there- 
fore was  unaffected  by  the  method  employed.  The  animals  on 
the  purified  rations  which  contained  the  extracted  water-soluble 
food  accessory  from  the  autoclaved  soy  and  navy  beans  also 
made  normal   growth.     Evc-n   tho   animals   which   received  the 
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Chart  III.  The  antineuritic  vitamine  of  cnbbnfcc  is  apparently  tin- 
afFecled  by  the  usual  cookery  proceasca.  The  animals  of  Group  1  received 
a  ration  in  which  raw  cabbage  (Ration  V)  aupplicd  the  antineuritic  vita- 
mine. Group  2  waa  given  a  similar  ration  which  included  cabbtigc  cooked 
in  boiling  water  (Ration  VI).  The  cabbage  in  the  ration  of  Group  3 
was  cooked  at  120°C.  for  15  minutes  (Ration  VII ),  while  in  Group  4  aodium 
bicarbonate  was  added  to  the  water  in  which  the  cabbage  was  cooked 
(Ration  VIII>. 


extra  vitamine  boiled  with  dilute  alkali  for  30  and  60  minutes 
respectively  gave  little  evidence  of  vitamine  destruction.  Dur- 
ing Period  1  (Charts  IV  and  V,  Groups  1  and  2)  the  failure  of  our 
animals  to  grow  on  the  purified  rations  was  undoubtedly  due  lo- 
an insufficient  amount  of  the  antineuritic  vitamine.  The  rations 
at  thia  time  included  the  cold  alcoholic  extract  from  9  per  cent 
of  raw  beans.  The  addition  of  the  water-soluble  vitamine  from 
a  larger  proportion  of  cooked  beans  stimulated  growth  {Periods 
2).     The  curves  during  Periods  1  have  been  included  to  meet  the 
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possible  criticism  that  the  casein  supplied  a  sufficient  amount  of 
the  vitamiae  to  meet  the  needs  of  the  animals. 

Our  results  with  the  water-soluble  food  accessory  treated  with 
dilute  alkali  are  not  in  accord  with  those  reported  by  McCoUum, 
and  Simmonds.**  Their  animals  receiving  the  water-soluble 
vitamine  boiled  for  60  minutes  in  an  alkaline  medium  made  prac- 
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Chart  IV.  During  Period  1,  Group  I  received  rationa  in  which  the 
water-soluble  food  Mcesaory  was  obtained  from  the  alcoholic  extract  of 
9  gm.  of  raw  navy  beana,  and  Group  2  received  a  similar  ration  in  which 
the  food  acceasory  had  been  boiled  for  30  minutes  with  dilute  alkali.  An 
increaae  in  the  antineuritJc  vitamine  stimulated  growth  in  all  cases.  Dur- 
ing  the  Periods  2,  Group  1  received  Ration  XI  containing  the  water-soluble 
vitamine  from  50  gm.  of  navy  beana,  autoclaved  at  15  pounds  pressure  for 
40  minutes;  Group  2  was  given  Ration  XII,  containing  th?  same  amount 
of  the  water-soluble  food  accessory  boiled  30  minutes  with  a  dilute  alkali; 
and  Group  3  rcecivcd  a  similar  ration  (Ration  XIII)  containing  the  water- 
soluble  material  bailed  60  minutes  with  dilute  alkali.  The  curves  of 
growth  suggest  Ihnt  the  vitamine  has  not  been  materially  affected  by  the 
treatment  employed. 

tically  no  growth.  It  is  probable,  however,  that  their  rations 
contained  the  minimum  amount  of  the  antineuritic  vitamine, 
having  been  obtained  from  10  per  cent  of  wheat  embryo,  whereas 
in- our  foods  a  considerable  excess  of  the  vitamine  was  nsed,  and 
the  slight  destruction  evidenced  by  the  lack  of  growth  in  their 
animals  has  not  been  made  apparent  in  our  investigation. 

The  fact  that  our  animals  made  normal  growth  on  rations  in 
which  the  liquor  from  the  cooked  beans  was  the  sole  source  of 
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the  water-soluble  vitamine  emphasize?  aRain  the  undesirability 
of  discardinfc  the  water  surrounding  cooked  or  canned  v^etables. 
This  contains  not  only  much  of  the  inorganic  constituents  of  the 
vegetables,  the  soluble  carbohydrates,  and  proteins,  but.  obvi- 
ously, much  of  the  water-soluble  food  accessor^'  as  well. 

The  note  of  warning  sounded  by  Chick  and  Hume*  to  the 
effect  that  grave  danger  may  attend  the  use  of  large  amounts  of 
tinned  fotxls,  we  ix-lieve,  is  unfounded,  at  least  from  the  stand- 
point of  the  antineuritic  vitamine  content  of  the  food.     Bitting" 
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Chart  V.  During  Period  1  the  animals  (Groups  1  and  2)  were  given 
rations  consisting  of  purified  foods  in  which  the  antineuritic  vitamine 
wait  obtained  from  ground  raw  soy  beans.  The  change  (Period  2)  to  the 
watcr-Holubie  vitamiue  from  55  gm.  of  aoy  beana  autoclaved  at  15  pounds 
prrMHUre  for  40  minutes  (Ration  IX)  produced  normal  growth  in  Group  1. 
Similiirly,  the  addition  of  alarger  amount  of  the  water-soluble  vitamine 
(Periiid  2)  which  had  been  boiled  with  an  excess  of  alkali  for  30  minutes 
(Ration  X)  stimulated  growth  in  Group  2. 

reports  that  fruits  are  usually  processed  at  the  boiling  tempera- 
ture from  12  to  15  minutes;  com  at  118-120''C.  for  75  to  80 
minutes;  green  beans,  lima  beans,  peas,  and  spinach  at  IIS-IIS^C. 
for  30  to  40  minutes;  and  pumpkin  at  120''C,  for  90  minutes. 
From  our  results  as  well  as  those  of  McCoUum  and  coworkers, 
it  seems  improbable  that  in  the  conunercial  canning  of  foods 
this  vitamine  is  destroyed  to  such  an  extent  that  too  little  will 

«  Bitting.  A.  W.,  U.  S.  Uept.  Agrk.,  Bull.  19S,  1915. 
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be  included  in  the  diet  where  the  usual  amount  of  canned  food  is 
eaten.  Even  if  there  should  be  a  considerable  increase  in  the 
amount  of  canned  food  consumed,  we  believe  that  there  will 
still  be  present  enough  of  the  antineuritic  vitamine  to  meet  the 
physiologic  requirements,  provided  the  diet  is  not  materially 
changed  in  other  respects.  Decreasing  the  time  required  for 
softening  beans  by  the  use  of  pressure  cookers  or  the  addition 
of  small  amounts  of  dilute  alkalies  is  justified,  since  the  anti- 
neuritic vitamine  of  vegetables  does  not  appear  to  be  greatly 
affected  by  these  processes. 


BIOLOGICAL  VALUES  OF  WHEAT  AND  ALMOND 

NITROGEN. 

By  AGNES  FAY  MORGAN  and  ALICE  M.  HEINZ. 
{From  the  Division  of  Houaehold  Science,  University  of  California,  Berkeley. ) 

(Received  for  publication,  Novepber  13,  1918.) 

The  attempt  to  compare  the  biological  values  of  various  pro- 
tein foods,  made  by  Karl  Thomas  (1)  in  1909,  has  resulted  in  a 
good  deal  of  discussion,  but  few  confinning  experiments.  The 
brevity  of  his  nitrogen  balance  periods,  as  well  as  the  arbitrary 
formulas  used  by  him  in  the  calculation  of  the  percentage  efiScien- 
cies  reported,  are  the  basis  of  criticism  made  recently  by  American 
authors  (2,  3). 

The  comparison  of  minimal  quantities  of  food  nitrogen  which 
suffice  to  maintain  equilibrium  in  the  adult  body  may,  however, 
be  accepted  as  indicating  to  some  degree  the  relative  protein 
values  of  those  foods.  The  application  of  data  obtained  in  this 
way  may  need  to  be  carried  out  with  caution  nevertheless,  since 
as  McCollum,  Sinunonds,  and  Parsons  (4)  have  pointed  out,  the 
nitrogen  metabolism  in  the  adult  body  may  differ  in  some  re- 
spects from  that  observed  during  the  growth  of  the  young,  or 
during  the  process  of  lactation. 

EXPERIMENTAL. 

Two  foods,  wheat  gluten  and  almond  meal,  were  used  by  us  in 
a  double  series  of  modified  repetitions  of  nitrogen  equilibrium  ex- 
periments. These  foods  were  chosen  because  they  were  thought 
to  be  relatively  pure  protein  mixtures  easily  freed  from  the  other 
constituents  usually  present  in  the  natural  foods,  and  might 
therefore  be  calculated  as  furnishing  a  definite  quantity  of  ab- 
sorlx^d  amino-acid-yielding  substances. 

The  procedure  was  in  part  that  used  by  Steck  (5),  and  in  part 
that  followed  by  Thomas  (1).     Six  experiments  were  carried  out, 
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each  consisting  of  a  fore-period  of  3  days  of  protein-poor  diet,  2 
days  of  the  protein  diet,  and  an  after-period  of  1  day  of  protein- 
poor  diet. 

The  relatively  protein-froe  basal  ration  used  in  the  fore-  and 
after-periods,  as  well  as  with  the  protein  in  the  experimental  pe- 
riod, was  of  two  kinds,  the  first  rich  in  total  carbohydrates,  but 
poor  in  cellulose,  the  second  of  the  same  total  carbohydrate  con- 


TABLE  I. 
Banal  Rations. 


Basal 
Ration  I. 

(let  day  of 
first  gluten 
experiment.) 


Basal 
Ration  II. 

(3rd  day  of 
almond  ex- 
periment.) 


gm. 

Prunes 100.5 

Cream 230.0 

Sugar 80.0 

Tapioca 115.0 

Bananas 242.0 

Butter 10.0 

Total 

Swedish   health   bread    (a   rye 

hardtack) 91.0 

Bananas 85.0 

Sugar 46.0 

lettuce 75.0 

Oliveoil 11.1 

Apples 246. 0 

Celery 73.0 

Butter 75.0 

Cream...: 146.0 

Honey 65. 8 

Total 


Nitrogen. 


2.63 


Calories. 


gm. 

0.33 

303.5 

0.92 

448.5 

320.0 

0.07 

411.8 

0.50 

239.5 

0.01 

76.9 

1.83 

1,800.2 

1.35 

317.1 

0.17 

84.1 

184.0 

0.12 

12.0 

99.9 

0.15 

154.8 

0.10 

10.9 

0.12 

576.7 

0.58 

284.7 

0.04 

219.4 

1,943.6 


tent,  but  poor  in  cellulose.  The  nitrogen  content  of  these  diets 
varied  little  as  will  be  seen  from  Table  I,  but  the  effect  of  the 
difference  in  composition  upon  the  availability  of  proteins  is 
marked. 

No  attempt  was  made  to  ingest  precisely  the  same  quantity  of 
these  rations  each  day  of  the  experiments,  but  the  totals  taken 
varied  in  general  very  little  from  the  examples  given  in  Table  I. 
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The  subject  was  a  healthy  young  woman  of  59  kilos  body  weight, 
whose  weight  did  not  change  throughout  the  experimental  period 
of  nearly  6  months. 

For  the  gluten  experiments  Sanitarium  gluten  sticks  were  used, 
manufactured  by  the  Sanitarium  Food  Company,  St.  Helena,' CaJi- 

TABLE  II. 
Balances  with  Gluten  Nitrogen. 

Basal  Diet  I. 


Dft^of 
•spcnznent. 


N 
ingested. 


N  excreted. 


Urine. 


Feces. 


Total. 


Balance. 


Added  N 

ingested 

per  kg. 

body  wt. 


Experiment  1. 


gm. 

gm. 

gtn. 

gm. 

gm. 

1 

•1.83 

2 

2.24 

3.79 

0.61 

4.40 

-2.16 

3 

1.86 

3.59 

0.69 

4.28 

-2.42 

Gluten  U 

6.05 

5.12 

0.89 

6.01 

-f0.04 

0.102 

period.  \5 

6.13 

5.59 

0.20 

5.79 

+0.34 

0.102 

6 

1.86 

4.33 

4.33 

-2.47(?) 

Experiment  2. 


1 

1.60 

2 

1.89 

4.94 

0.87 

5.81 

-3.92 

3 

1.36 

3.46 

0.87 

4.33 

-2.97 

• 

Gluten  U 

4.52 

3.10 

d.65 

3.75 

+0.77 

0.077 

period.  \5 

4.71 

5.15 

0.48 

5.63 

-0.92 

0.077 

6 

1.40 

2.87 

0.48 

3.35 

-1.95 

Basal  Diet  II. 


1 

2.56 

2 

2.25 

4.73 

0.77 

5.50 

-3.25 

3 

2.64 

3.78 

0.37 

4.15 

-1.51 

Gluten  (4 

3.98 

4.80 

0.35 

5.15 

-1.17 

0.068 

period.  \5 

4.07 

6.11 

0.33 

6.44 

-2.37 

0.068 

6 

2.28 

4.50 

0.33 

4.83 

-2.55 

fomia.  The  almond  meal  was  prepared  by  chopping  the  blanched 
nuts  very  fine,  sifting  them,  and  washing  five  or  six  times  with 
ether  in  order  to  decrease  the  fat  content.  The  gluten  was  6.80 
per#€ent  nitrogen;  the  almond  meal  of  three  different  prepara- 
tions, 6.28,  4.60,  4.14  per  cent,  respectively. 
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The  urine  and  feces  were  collected  during  5  days  of  the  experi- 
ment, the  1st  day  being  left  out  of  account.  Nitrogen  determi- 
nations were  made  at  once  upon  the  fresh  samples.  The  amount 
of  nitrogen  added  in  gluten  or  almond  meal  during  the  2  day 
protein  period  was  determined  by  the  minimum  nitrogen  excre- 
tion on  the  preceding  carbohydrate-rich  diet  (Tables  II  and  V). 

Biological  Valite  of  Gluten  Nitrogen. 

If  the  biological  value  of  the  gluten  nitrogen  is  calculated  from 
these  results  according  to  the  formulas  proposed  by  Thomas  (1), 
the  following  results  are  obtained  (Table  III) : 


Formula  A, 
Urine  of  N-free  diet  -f  balance 


N  absorbed 

Formula  B, 
Urine  of  N-free  diet  +  fecal  N  -\-  balance 


=  biological  value. 


N  ingested 

TABLE  III. 
Biological  Value  of  Gluten  {Wheat)  Nitrogen, 


=  biological  value. 


Basal  diet. 

Experiment  No. 

Protein  day. 

Biological  value. 

A 

B 

I 

I 
II 

1 
2 

1 

1 
•     2 

m 

1 

2 

1 
2 

70.5      . 
66.4 

109.5 
60.2 

72.1 
38.1 

74.8 
67.4 

108.0 
62.1 

74.6 

42.8 

Averane 

69.4 

71.6    70.5 

• 

Thomas'  result  with  wheat  flour  (average).. 

37.99 

42.43 

If  we  omit  from  the  averages  for  gluten  the  figures  which 
strikingly  deviate  from  the  rest,  those  for  the  1st  day  of  the 
second  experiment,  Diet  I,  and  the  2nd  day  with  Diet  II,  the 
averages  become  67.3  and  69.7. 

The  per  cent  of  total  nitrogen  of  the  diet  furnished  by  the  glu- 
ten was  as  shown  in  Table  IV. 
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TABLE  IV. 


Experiment  No. 

Day  of 
experiment. 

Total  N  of 
diet. 

Total  gluten 

Total  N  from 
gluten. 

1  (Diet  I) 

4 
5 
4 
5 
4 
5 

gm. 

6.05 
6.12 
4.52 
4.71 
3.98 
4.07 

gm. 

4.50 
4.50 
2.98 
2.98 
2.27 
2.27 

per  cent 
74  A 

2  (Diet  I) 

73.5 
65.9 

Diet  tl 

65.7 
57.0 

55.8 

Average 

65.4 

TABLE  V. 
Balances  with  Almond  Nitrogen. 


Baml  Diet  I. 


Da^of 
experiment. 


N 

ingested. 


N  excreted. 


Urine. 


Feces. 


ToUl. 


Balance. 


Added  N 

ingssted 

per  kg. 

body  wt. 


Experiment  1 


gm. 

gtn. 

gm. 

gm. 

gm. 

1 

1.62 

2 

1.78 

4.84 

0.38 

5.22 

-3.44 

3 

1.51 

2.48 

0.33 

2.81 

-1.30 

Almond    4 

3.25 

3.64 

3.64 

-0.39(?) 

0.065 

period.    5 

1.36 

3.95 

3.95 

-2.59  (?) 

Experiment  2. 


1 

1.91 

2 

1.98 

4.04 

0.86 

4.90 

-2.92 

3 

1.65 

3.74 

1.05 

3.79 

-3.14 

Almond  {4 

4.44 

3.01 

1.07 

4.08 

4-0.36 

0.071 

period.  \5 

3.96 

4.31 

1.07 

5.38 

-1.42 

0.071 

6 

1.39 

4.29 

1.07 

5.36 

-3.97 

Basal  Diet  II. 


1 

2.12 

•   2 

2.74 

4.51 

1.29 

5.80 

-3.06 

3 

2.66 

3.58 

0.29 

3.87 

-1.21 

Almond  [4 

3.53 

3.63 

0.50 

4.13 

-0.60 

0.065 

period.  \5 

4.22 

4.77 

0.50 

5.27 

-1.05 

0.065 

6 

2.22 

3.67 

0.50 

4.17 

-1.95 
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Biological  Value  of  Almond  Nitrogen. 

If  we  omit  from  the  averages  in  Table  VI  the  strikingly  unusual 
figures  obtained  for  the  2nd  day  of  the  first  experiment,  the  aver- 
ages become  86.7  and  89.  This  indicated  high  value  of  the  nut 
protein  is  in  accord  with  the  results  reported  by  Hoobler  (6)  on 
the  value  of  nut  proteins  for  human  milk  production. 


TABLE  VI. 
Biological  Value  of  Almond  Nitrogen. 


Basal  diet. 

Experiment  No. 

Day. 

• 

Biological  value. 

A 

B 

I 

1 

1 

100.0 

100.0 

• 

2 

121.3 

116.6 

2 

1 

2 

80.2 

85.6 

II 

1 

98.3 

98.3 

2 

68.2 

72.0 

Average 

93.6 

Qil  .e; 

94.0 

The  per  cent  of  the  total  nitrogen  of  the  diet  furnished  by  the 
abnond  meal  is  shown  in  Table  VII. 


TABLE  VII. 


Elxperiment  No. 


1  (Diet  I) 

2  (Diet  I) 


Diet  II 


Average 


Da^of 
experiment. 


4 
5 

4 
5 


ToUl  N  of 
diet. 


Om. 
3.25 

4.43 
3.96 

3.53 
4.21 


Total  almond 

N. 


Qtn. 

1.75 

2.98 
2.98 

1.97 
1.97 


Total  N  from 
almond. 


peroeni 
53.8 

67.4 

75.2 

55.8 
46.8 

60.0 
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Effect  of  Change  in  Basal  Diet. 

It  is  interesting  to  note  that  the  biological  values  of  both  pro- 
tein foods  vary  considerably  in  the  two  diets.  The  difference  can 
hfu-dly  be  ascribed  altogether  to  changes  in  per  cent  absorbed, 
due  to  different  proportions  of  crude  fiber  in  the  basal  ration,  as 
will  be  seen  from  Table  VIII. 

TABLE  VIII. 
Absorption  of  Gluten  and  Almond  Nitrogen. 


Diet. 

Experiment 
No. 

Day. 

N  ingested. 

N  in  feces. 

N 
absorbed. 

gm. 

gm. 

gm.              peretnt 

Gluten. 


I 

1 
2 

1 

2 

1 
2 

6.06 
6.13 

4.52 
4.71 

0.89 
0.20 

0.65 
0.48 

5.17 
5.93 

3.87 
4.23 

85.3 
96.5 

85.6 
89.8 

Averag( 

B 

89.3 

II 

1 
2 

3.98 
4.07 

0.35 
0.33 

3.63 
3.74 

91.0 
91.8 

Averag( 

B 

91.4 

Almond. 


I 

2 

1 

2 

4.44 
3.96 

1.07 
1.07 

3.37 
2.89 

78.1 
73.2 

Averag( 

B 

75.6 

II 

1 
2 

3.53 
4.22 

0.50 
0.50 

3.03 
3.72 

85.9 
88.2 

Averag( 

B 

87.0 

Since  the  basal  diets  are  not  free  of  protein,  and  since  the  kind 
of  protein  material  varies  considerably  in  the  two,  a  variation  in 
its  value  as  a  supplemental  source  of  nitrogen  may  well  be 
assumed.     The  results  recorded  by  Hart  and  Humphrey  (7)  in 
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their  cattle  feeding  experiments  with  varying  basal  rations,  indi- 
cating the  efficiencies  for  milk  production  of  certain  protein  con- 
centrates, show  similar  divergences.  They  emphasize  repeat- 
edly the  limitations  of  any  classification  of  natm-al  foods  in 
respect  to  the  efficiency  of  their  proteins  based  on  experiments 
involving  a  single  food  material  or  a  single  food  mixtm-e. 

.SUMMARY. 

1.  The  "biological  values"  of  wheat  gluten  and  almond  meal, 
determined  by  the  usual  minimum  nitrogen  feeding  method  and 
calculated  according  to  the  formulas  proposed  by  Thomas,  are 
found  to  average  70.5  and  94.0.  This  figure  for  wheat  gluton 
is  nearly  twice  that  found  by  Thomas,  using  wheat  flour. 

2.  When  as  much  as  0.102  gm.  of  gluten  per  kilo  of  body  weight 
was  fed,  a  positive  nitrogen  balance  was  obtained,  but  whesjithe 
intake  fell  to  0.077  gm.  per  kilo,  the  positive  balance  was  not 
maintained,  and  at  0.068  gm.  per  kilo  became  negative. 

3.  A  satisfactory  positive  nitrogen  balance  was  not  obtained 
with  the  largest  amount  of  almond  meal  used,  0.071  gm.  per  kilo 
of  body  weight. 

4.  The  character  of  the  basal  low  protein  diet  used  affected  the 
apparent  availability  of  these  protein  foods,  as  expressed  in 
terms  of  the  Thomas  formulas  for  biological  values. 
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A    METHOD    OF    EXPRESSING    NUMERICALLY    THE 
GROWTH-PROMOTING  VALUE  OF  PROTEINS.* 

By  THOMAS  B.  OSBORNE,  LAFAYETTE  B;  MENDEL,  and 

EDNA  L.  FERRY. 

(From  the  Laboratory  of  the  Connecticut  Agricultural  Experiment  Station 

and  the  Sheffield  Laboratory  of  Physiological  Chemistry  in 

Yale  University,  New  Haven.) 

(Received  for  publication,  December  7,  1918.) 

A  young  animal  continuously  increases  its  food  intake  during 
growth,  hence  two  which  grow  at  different  rates  eat  unhke  quan- 
tities of  food.  We  have  already  pointed  out^  that  comparisons  of 
the  value  of  different  proteins  for  growth  can  be  made  when  the 
animals  eat  the  same  amount  of  food  in  the  same  number  of  davs 
and  gain  the  same  amount  of  weight,  the  protein  factor  being 
the  only  variable.  As  it  is  exceedingly  difficult  to  conduct  experi- 
ments which  fulfil  these  requirements  we  have  sought  to  develop 
a  method  whereby  the  relative  values  of  proteins  for  growth  can 
be  expressed  numerically. 

Since  food  intake  is  quite  closely  regulated  by  the  calorific 
requirements  of  the  animal  approximately  as  much  food  is  eaten 
under  otherwise  similar  conditions  whether  this  contains  a  high 
or  low  percentage  of  protein.  If  a  single  series  of  experiments  is 
made  with  diets  containing  a  given  percentage  of  protein  it  is 
obviously  impossible  to  demonstrate  the  maximum  power  of  any 
protein  to  promote  growth.  When  the  proportion  of  protein  in 
the  food  is  so  restricted  that  the  protein  factor  alone  determines 
the  rate  of  growth,  it  should  be  possible  to  find  the  concen- 
tration which  promotes  the  greatest  gain  of  body  weight  relative 
to  the  protein  ingested  by  supplying  foods  containing  different 
percentages  of  protein.    However,  this  is  possible  only  within 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Wash- 
ington, D.  C. 

*  Cf.  Osborne,  T.  B.,  and  Mendel,  L.  B.,  /.  Biol.  Chem.,  1916,  xxvi,  1. 
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limits,  for  differences  in  physical  activities  and  the  inherent 
capacity  of  the  animal  to  grow  may  affect  the  amoimt  of  growth 
made  within  a  fixed  time.    Consequently  we  cannot  expect  that, 


TABLE  ] 

[. 

Soiirce  of  protein. 

a 

per 

cent 

16.2 

Rat. 

9  ■*^ 

-a.tf 
IS 

62 
61 
73 
67 

.2 
SJ5 

o 

Qfn. 

64 
74 
60 
45 

61 

60 
47 

54 

62 
56 

Total  intake. 

Intake  per 
cm.  of  gain. 

« 

11 

or 

*ao 
o 

gtn. 

0.31 
0.39 
0.30 
0.27 

Food. 

gm. 

208 
192 
202 
169 

198 

Pro- 
tein. 

gm. 

33.2 
30.7 
32.3 
27.0 

Food. 
gtn. 

3.3 
2.6 
3.4 
3.8 

3.3 

3.6 
4.0 

3.8 

4.0 
4.5 

Pro- 
tein. 

gtn. 

0.52 
0.42 
0.54 
0.60 

5° 

Lactalbumin. 

2920  cf 
2924  d^ 
1810cf' 

1812cf 

gtitm 

1.93 
2.41 
1.86 
1.67 

Averaee 

30.8 

21.9 
19.5 

0.52 

0.32 

1.97 

Lactalbumin. 

10.3 

2474  cf" 
2931  cf 

71 
63 

213 
189 

0.37 
0.42 

0.40 

0.28 
0.25 

0.27 

2.74 
2.41 

AveraKG 

201 

250 
254 

20.7 

2.58 

Lactalbumin. 

7.9 

2625  d^ 
2631  cf" 

64 
70 

66 
67 

63 
63 

68 
67 

19.5 
19.8 

19.7 

0.31 
0.35 

0.25 
0.22 

0.24 

0.16 
0.17 

0.17 

0.12 
0.11 

0.12 

3.18 
2.83 

Averaee 

59 

252 

4.3 

6.3 
6.0 

0.33 

3.01 

Lactalbumin. 

6.2 

2596  cf" 
2606  d' 

31 
39 

35 

18 
19 

194 
233 

12.0 
14.5 

0.39 
0.37 

2.58 
2.69 

Averaee 

214 

13.3 

7.5 
8.2 

7.9 

4.3 
5.7 

5.0 

6.2 

8.6 
8.9 

8.8 

18.7 
24.6 

21.7 

0.38 

0.42 
0.43 

2.64 

Lactalbumin. 

4.9 

2044  cf 
2049  9 

154 
168 

161 

131 
172 

2.40 
2.32 

Average 

19 

7 
7 

7 

0.43 

0.62 
0.82 

0.72 

2.36 

Lactalbumin. 

3.3 

2201 c^ 
2203 c^ 

0.05 
0.04 

0.05 

1.63 
1.23 

Average 

152 

1.43 

on  a  given  diet,  each  animal  will  make  quite  the  same  gain  of 
weight  during  equal  intervals  of  time.  How  great  these  indi- 
vidual variations  may  be  is  illustrated  by  the  data  given  in 
Tables  I  and  II.    From  these  we  see  that  while  the  aibadvie 
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gains  of  body  weight  may  differ  by  even  75  per  cent,  the  diflfer- 
ences  between  the  gains  in  body  weight  per  gm.  of  protein  eaten 
are  verj"  much  less,  though  by  no  means  inconsiderable.  It  is 
consequently  necessary  to  employ  a  larger  number  of  animals 


TABLE  II. 


Source  of 

Protein    in 
food. 

Kat. 

Initial  body 
weight. 

Gain    in    4 
wks. 

Total 

intake. 

Intake  per 
gm .  of  gain. 

Gain  per  gm. 

of  food. 

• 

pergm. 
rotein. 

protein. 

Food. 

Pro- 
tein. 

Food. 

Pro- 
tein. 

Gain 
of  pi 

per  cent 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

Caflein. 

17.4 

1592  cT 

62 

54 

167 

29.0 

3.1 

0.54 

0.32 

1.86 

1599  ci^ 

76 

49 

198 

34.4 

4.0 

0.70 

0.25 

1.43 

1617a^ 

61 

1 

74 

225 

39.1 

3.0 

0.53 

0.33 

1.89 

IGlScT 

73 

63 

220 

38.2 

3.5 

0.61 

0.29 

1.65 

1634cr 

58 

53 

206 

35.8 

3.9 

0.68 

0.26 

1.48 

16^V2d^ 

66 

59 

181 

31.5 

3.1 

0.53 

0.33 

1.87 

la'jocf 

60 

43 

151 

26.2 

3.5 

0  61 

0.28 

1.64 

1657cf 

65 

55 

164 

28.5 

3.0 

0.52 

0.34 

1.93 

1689c/' 

63 

50 

170 

29.6 

3.4 

0.59 

0.29 

1.69 

Averagt 

2 

55 . 5 

187 
203 

32.5 

3.4 

0.59 

0.30 

1  74 

X  .  t  ^ 

Casein. 

14.7 

24056" 

77 

50 

29.8 

4.1 

0.60 

0.25 

1.68 

2619  c/' 

64 

69 

238 

35.0 

3.5 

0.51 

0.29 

1.97 

2620 cT 

65 

83 

246 

36.2 

3.0 

0.44 

0.34 

2.29 

Average 

a 

67 

229 

33.7 

3.5 

0.52 

0.29 

1  98 

Casein. 

12.0 

2117o^ 

69 

38 

159 

19.1 

4.2 

0.50 

0.24 

1.99 

2623  c/' 

65 

62 

217 

26.0 

3.5 

0.42 

0.29 

2.38 

2630  c/' 

63 

67 

233 
203 

28.0 

3.5 

0.42 

0.29 

2.39 

Average 

^ 

56 

24.4 

3.7 

0.45 

0.27 

2  25 

Casein. 

9.3 

2051  c/ 

65 

19 

169 

15.7 

8.9 

0.83 

0.11 

1.21 

2,595  c/' 

65 

29 

184 

17.1 

6.4 

0.59 

0.16 

1.69 

2603  c/' 

64 

27 

199 

18.5 

7.4 

0.68 

0.14 

1.46 

Average 

s 

25 

184 

17.1 

7.6 

0.70 

0.14 

1.45 

than  were  used   for  these   experiments  in   order  properly  to 
minimize  errors  caused  by  such  individual  variations. 

Table  I  shows  that  when  the  food  contained  7.9  per  cent  of 
lactalbumin  the  maximum  gain  of  body  weight  per  gm.  of  protein 
eaten  was  3.0  gm.,  which  probably  represents  approximately  the 
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maximum  growth-promoting  capacity  of  lactalbimiin  when  fed 
to  albino  rats  under  the  conditions  of  these  experiments. 

Table  II  gives  similar  data  obtained  with  casein  as  the  sole 
protein  of  the  diet.  Here  the  greatest  gain  per  gm.  of  protein 
eaten  was  2.25  gm.,  the  food  containing  12  per  cent  of  casein. 
To  make  this  maximum  gain  the  rats  ate  on  the  average  24.4 
gm.  of  (jasein  and  203  gm.  of  food  and  gained  56  gm.  When  the 
food  contained  7.9  per  cent  of  lactalbumin  the  rats  ate  on  the 
average  19.7  gm.  of  la9talbumin  and  252  gm.  of  food  and  gained 
69  gm.  Thus  to  make  the  same  gain  in  the  same  time  under  the 
conditions  of  maximum  efficiency  24  per  cent  more  protein  and 
20  per  cent  more  food  were  needed  when  the  protein  was  casein 
than  when  it  was  lactalbumin. 

When  an  animal  is  restricted  to  such  a  quantity  of  protein 
that  a  maximum  gain  of  body  weight  is  made  per  unit  of  protein 
eaten,  it  grows  at  less  than  the  normal  rate.  A  longer  time 
therefore  is  required  to  make  a  given  gain  of  weight,  and  conse- 
quently more  food  is  needed  for  maintenance  than  if  growth  had 
not  thus  been  delayed.  In  these  experiments  nearly  the  same 
amount  of  food  was  eaten  whether  this  contained  6.2  or  16.2  per 
cent  of  lactalbumin  (see  Table  I),  but  the  gain  in  weight  was 
almost  twice  as  great  on  the  high  as  on  the  low  protein  food; 
namely,  61  and  35  gm.  respectively,  or  0.32  and  0.17  gm.  of  gain 
per  gm.  of  food  eaten.  Although  growth  on  the  6.2  per  cent 
ration  was  made  with  the  least  expenditure  of  protein,  the  con- 
smnption  of  food  was  almost  twice  as  great  per  gm.  of  gain  as 
that  on  the  16.2  per  cent  diet.  Consequently,  although  an 
economy  in  the  consumption  of  protein  may  be  eflfected  by 
reducing  its  concentration  in  the  diet,  this  is  necessarily  accom- 
panied by  a  larger  consumption  of  food. 

The  data  given  in  Tables  I  and  II  may  be  compared  with 
those  previously  obtained  in  attempting  to  establish  by  other 
methods  the  relative  value  for  growth  of  lactalbumin  and  casein.^ 
Series  A  of  the  earlier  experiments  differed  from  those  described 
in  the  present  paper  in  that  the  food  intake  was  restricted  by 
supplying  the  diet  in  weighed  quantities,  estimated  to  be  about 
10  per  cent  less  than  was  needed  for  full  normal  growth,  and  also 
in  being  continued  for  11  weeks.  From  the  data  given  in  Table  II 
of  the  earlier  paper  we  have  calculated  the  gains  in  body  weight 
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per  gm.  of  protein  eaten  for  the  entire  11  weeks,  and  also,  for 
comparison  with  the  experiments  just  described,  for  periods  of 
4  weeks  following  the  time  at  which  these  rats  had  reached  a 
body  weight  of  about  70  gm.  In  recalculating  these  results  we 
have  estimated  the  protein  from  the  nitrogen  content  of  the  diet 
whereby  the  nitrogen  of  the  "protein-free  milk*'  was  included, 
as  was  done  for  the  experiments  described  in  this  paper. 


per  cent 


Gain  per  cm.  of  food  or  protein  eaten  in 


11  wkn. 


Food. 


gm. 


Protein. 


gm. 


4  wks. 


Food. 


gm. 


Protein. 


gm. 


CORRECTION. 

On  page  226,  Vol.  XXXVII,  No.  2,  February,  1919,  line' 12,  for  £0  per 
'jnt  more  food,  read  £0  per  cent  less  food. 


periods,  presumably  because  the  former  coincide  with  the  time 
of  most  rapid  growth.  The  maximum  gains  were  decidedly  less 
in  these  4  week  periods  than  those  obtained  in  our  new  experi- 
ments, probably  because  in  the  earlier  trials  gro'wth  also  was 
restricted  by  the  amount  of  food  supplied,  and  not  solely  by  the 
protein  eaten.  When  growth  is  limited  by  food  intake  protein 
can  be  used  as  a  source  of  energy  and  consequently  a  smaller 
part  may  be  available  for  growth  than  when  sufficient  energy  is 
suppUed  in  other  forms  and  growth  is  determined  solely  by 
protein. 

In  our  fonner  paper  we  called  attention  to  criticisms,  based  on 
other  grounds,  which  might  be  made  to  Scries  A  of  the  earlier 
experiments,  which  was  designed  to  show  the  relative  value  of 
proteins  for  growth.  The  comparison  just  made  gives  additional 
reasons  for  rejecting  such  methods  of  experimentation. 

In  Chart  II  of  our  earlier  paper  we  showed  that  rats  made 
equal  gains  of  weight  in  equal  periods  of  time  and  ate  practically 
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the  same  amount  of  food  when  diets  of  essentially  the  same 
composition  were  fed,  but  containing  8  per  cent  of  lactalbumin, 
12  per  cent  of  casein,  or  15  per  cent  of  edestin.  While  the  method 
employed  for  these  experiments  shows  the  relative  growth- 
promoting  power  of  these  proteins  it  does  not  show  their  maxi- 
mum efficiency.  Thus  the  gain  of  weight  per  gm.  of  protein 
eaten  during  the^8  weeks  of  these  experiments  was  for  lactalbumin 
2.34  gm.,  for  casein  1.70,  and  for  edestin  1.35  gm.  These 
figures  for  lactalbimiin  and  casein  are  decidedly  lower  than  the 
maxima  foimd  by  the  method  described  in  this  paper,  and  the 
difference  in  the  relative  value  of  these  proteins  appears  greater 
than  it  actually  is. 

For  the  investigator  we  believe  that  this  new  method,  which 
shows  with  some  degree  of  accuracy  the  maximum  efficiency  of 
individual  proteins,  or  mixtures  of  them,  for  growth,  will  be  of 
use.  By  its  aid  we  can  determine  and  express  numerically  the 
efficiency  of  combinations  of  proteins  and  compare  this  with  that 
of  either  one  alone.  Differences  in  food  intake  and  rate  of 
growth  are  largely  eliminated  and  experimental  data  can  be  used 
which  cannot  be  compared  in  any  other  way. 

This  method  has  its  limitations,  for  obviously  when  the  protein 
of  the  diet  is  capable  of  promoting  growth  only  at  a  very  slow 
rate  the  amount  of  protein  eaten  per  gm.  of  gain  made  will 
approach  infinity  as  the  gain  approaches  zero.  The  error  thus 
introduced  of  course  affects  all  comparisons  made  between  figures 
obtained  by  the  simple  method  of  dividing  the  gain  of  weight 
by  the  gm.  of  protein  eaten,  but  when  the  rate  of  growth  on  the 
two  proteins  thus  compared  is  fairly  rapid  the  magnitude  of  the 
error  is  small. 

The  practical  feeder  does  not  wish  to  know  what  quantity  of 
a  given  protein  is  the  smallest  which  he  can  use  to  secure  a  given 
amount  of  gain,  if  this  quantity  can  only  be  used  under  un- 
profitable conditions.  Rather  does  he  want  to  know  the  least 
proportion  which  will  give  him  the  greatest  gain  in  the  shortest 
time,  for  although  he  may  thereby  waste  some  protein  he  may 
save  food.  The  method  described  in  our  earlier  paper  (Series  B) 
is  better  adapted  to  the  use  of  the  dietitian  or  the  agriculturist  in 
determining  the  relative  value  of  proteins  for  growth  than  the 
method  now  described  in  this  paper. 
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The  effect  of  restricted  food  intake  on  gains  made  per  unit  of 
food  eaten  is  shown  by  the  following  figures: 

Gain  per  Om.  of  Food  Eaten. 


Protein  fed. 

Rettrioted 
intake. 

Protein  fed. 

Unreetrioted 
intake. 

ptre§ni 

Qtn. 

p&teent 

^fii. 

Ijactalbumin. 

16.0 

0.33 

16.2 

0.32 

11.1 

0.24 

10.3 

0.27 

9.2 

0.20 

7.9 

0.24 

Casein. 

21.0 

0.23 

17.4 

0.24 

17.4 

0.30 

12.0 

0.19 

11.0 

0.27 

9.2 

0.16 

9.3 

0.14 

Edestin. 

17.9 

0.27 

17.9 

0.25 

12.4 

0.16 

12.4 

0.20 

9.2 

0.10 

9.6 

0.13 

Comparing  the  gains  made  on  diets  containing  similar  per- 
centages of  each  protein  when  the  food  intake  was  restricted, 
with  those  made  when  it  was  unrestricted,  it  is  seen  that  with 
only  three  exceptions  these  were  greater  under  the  latter  conditions 
of  feeding.  Economy  of  food  can  be  effected  only  by  supplying 
the  young  animal  with  as  much  as  it  will  eat;  economy  of  protein 
only  by  reducing  the  nutritive  ratio  below  that  at  which  the 
normal  rate  of  growth  can  be  maintained. 

Economy  in  nvirition  during  growth  depends  upon  a  correct 
adjustment  between  the  proportion  of  protein  and  the  total  energy 
supplied:  furthermore,  the  optimum  of  protein  is  determined  not 
only  by  the  absolute  amount  furnished j  but  also  by  its  quality. 
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(Received  for  publication,  November  26,  1918.) 

Determinations  of  pure  uric  acid  have  been  made  by  permanga- 
nate titrations  for  many  years.  The  presence  of  other  substances 
with  uric  acid  in  body  fluids,  which  give  permanganate  values, 
has  necessitated  the  separation  of  uric  acid  before  the  titration 
could  be  carried  out.  Such  separations  have  never  been  perfect. 
Whether  thrown  down  as  such  by  treatment  with  stronger  acids 
or  precipitated  as  urates,  there  has  always  been  a  part  of  thfe 
uric  acid  left  in  solution.  Hopkins^  came  nearest  the  desired 
separation  with  his  method  of  precipitation  of  ammonium 
urate.  Probably  the  modification  of  Folin  and  Shaflfer^  has 
proved  most  useful  of  all,  but  it  is  distinctly  imperfect  smce 
precipitation  is  incomplete  even  after  48  hours. 

The  quantitative  precipitation  of  uric  acid  by  adding  a  soluble 
zinc  salt  and  then  making  the  solution  alkaline  with  sodium 
carbonate  has  been  described  in  an  earlier  paper.'  At  that  time 
it  was  mentioned  that  Ganassini*  had  described  a  qualitative  test 
for  uric  acid  based  upon  a  similar  precipitation.     It  later  was 

*  Preliminary  reports  of  this  work  were  presented  before  the  1916  and 
1917  annual  meetings  of  the  Society  of  Biological  Chemists.  Cf.  Morris, 
J.  L.,  /.  Biol.  Chem.,  1917,  xxix,  p.  xiii;  1918,  xxxiii,  p.  xxi. 

1  Hopkins,  F.  G.,  Guy's  Hasp,  Rep.,  1891,  xlviii,  299. 

'  Folin,  O.,  and  Shaffer,  P.  A.,  Z.  physiol.  Chem.,  1901,  xxxii,  552. 

*  Morris,  /.  Biol,  Chem.,  1916,  xxv,  205. 

*  Ganassini,  D.,  Boll.  Soc.  med.  chir.,  1908,  No.  1;  abstracted  in  Biochem. 
Centr.,  1909,  viii,  250. 
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discovered  that  Bellocq'  knew  of  this  i^eaction  in  1900  and  used  it 
for  detennining  uric  acid.  His  method  involved  dissolving  the 
precipitate  in  hydrochloric  acid  and  then  weighing  that  portion 
of  the  uric  acid  precipitated  by  hydrochloric  acid.  It  is  easy  to 
demonstrate  that  all  the  uric  acid  is  not  precipitated  by  such 
treatment.  Kashiwabara'  described  a  similar  procedure  for  sepa- 
rating uric  acid,  then  removed  the  zinc  as  sulfide  before  the  final 
precipitation  with  hydrochloric  acid.  Both  these  methods  are 
long  and  can  give,  at  best,  only  approximate  results.  The  fact, 
demonstrated  by  the  writer,'  that  uric  acid  can  be  completely 
and  instantly  precipitated  as  the  zinc  compound  seemed  to 
warrant  efforts  to  combine  this  means  of  separation  with  a 
satisfactory  method  of  determination.  A  combination  with  the 
colorimetric  procedure  of  Folin  and  Denis^  was  attempted  but 
many  difficulties  were  encountered.  Among  these  the  most 
serious  was  fading  due  to  the  presence  of  the  zinc  ion.  The  long 
used  permanganate  titration  was  then  applied  with  more  prom- 
ising results. 

A  form  of  analysis  which  resulted  from  the  combination  of 
sine  precipitation  and  permanganate  titration  has  been  described 
before.'  Two  preliminary  precipitations  for  the  removal  of 
interfering  substances  were  required  before  the  uric  acid  could  be 
separated  and,  though  the  end-point  of  the  permanganate  titra- 
tion in  acetic  acid  solution  was  recognizable  within  a  few  per 
cent,  it  was  not  entirely  satisfactory.  *  An  attempt  was  made  to 
improve  the  method  by  using  an  iodine  end-point.  The  oxida- 
tion was  carried  out  by  using  an  excess  of  permanganate  and  this 
was  followed  with  a  larger  excess  of  potassium  iodide.  It  was 
then  possible  to  titrate  with  standard  thiosulfate.  This  method 
made  use  of  the  more  dependable  starch  iodide  end-point  but  at 
the  cost  of  more  time-consuming  work  and  did  not  entirely 
eliminate  the  error  due  to  spontaneous  reduction  of  permanga- 
nate. The  double  titration  was  modified  in  many  ways  and 
finally  was  combined  into  one  titration  in  which  the  oxidation 
takes  place  in  a  solution  alkaline  with  sodium  bicarbonate.* 

•  Bellocq,  A.,  J.  pharm.  et  chim.f  1900,  xii,  103. 

•  Kashiwabara,  M.,  Z.  physiol.  Chem.,  1913,  Ixxxiv,  223. 

»  Folin,  O.,  and  Denis,  W.,  /.  Biol.  Chem.,  1912-13,  xiii,  469. 

•  Morris,  /.  Biol.  Chem.t  1917,  xxix,  p.  xiii;  1918,  xxxiii,  p.  xxi. 
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The  use  of  bicarbonate  was  valuable  for  it  controlled  the 
hydrogen  ion  concentration  so  well  that  a  mild  selective  oxidation 
took  place  by  which  all  the  uric  acid  was  decomposed  before  any 
iodine  was  set  free  from  the  iodide.  The  blue  starch  iodide 
end-point  could  thus  be  used  directly  in  the  permanganate  titra- 
tions. On  the  same  principle  it  seemed  that  probably  many  of 
the  substances  which  interfere  with  permanganate  titrations  in 
acid  solution  would  be  less  easily  oxidized  than  iodides  and  thus 
not  interfere  with  the  titration  in  sodium  bicarbonate.  The 
following  substances  were  added  to  test  titrations  without  any 
apparent  efifect:  allantoin,  caffeine,  dextrose,  hippuric  acid. 
Phenols  affected  the  end-point,  causing  a  slow  fading  of  the  blue 
color,  but  earlier  work*  had  shown  that  the  zinc  precipitation 
separated  uric  acid  quantitatively  from  phenols.  The  results 
from  the  few  substances  tested  suggested  that  possibly  the  pre- 
liminary precipitations  of  interfering  substances  were  not  neces- 
sary when  oxidizing  in  the  presence  of  sodium  bicarbonate,  and 
investigation  showed  that  such  was  substantially  the  case.  This 
made  it  possible  again  to  shorten  the  method.  The  final  pro- 
cedure, described  in  this  paper,  requires  30  to  40  minutes  for  the 
complete  determination.  It  has  proved  entirely  satisfactory  for 
urine.  For  the  much  smaller  quantities  of  uric  acid  in  blood  it 
gives  good  results  also  but  its  usefulness  is  limited,  as  is  that  of  all 
other  method's,  by  the  imperfect  procedures  for  removing  proteins 
without  at  the  same  time  carrying  down  other  substances.  When 
applied  to  the  filtrates  from  the  usual  0.01  n  acetic  acid  pre- 
cipitation the  results  agree  with  those  obtained  with  the  colori- 
metric  method. 

The  steps  by  which  the  writer  developed  the  volumetric  method 
here  described  are  given  in  detail,  not  only  because  of  his  belief 
that  some  light  has  been  thrown  upon  the  oxidation  of  uric  acid 
imder  varying  conditions  but  in  order  also  to  show  that  the  idea 
of  a  titration  method  for  determining  uric  acid  has  been  con- 
sistently followed  by  him  for  more  than  2  years.  Curtman  and 
Lehrman'^  have  published  a  volumetric  method  for  uric  acid  in 
which  the  underlying  principles  are  substantially  the  same  as 
those  previously  set  forth  by  the  writer.^ 

• 

»  Curtman,  L.  J.,  and  Lehrman,  A.,  J.  Biol.  Chem,,  1918,  xxxvi,  157. 
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Method, 

Reagents. 

Preparation  of  Standard  Potassium  Permanganate. — A  stock 
0.1  N  solution  is  made  up  in  the  usual  manner  (3.166  gm.  per 
liter)  and  kept  in  a  tightly  stoppered  amber  colored  bottle.  After 
the  usual  preliminary  period,  during  which  the  value  decreases 
somewhat,  the  value  remains  as  nearly  constant  as  its  use  in  the 
preparation  of  0.002  n  solutions  requires.  When  the  dilute 
solution  is  needed,  10  cc.  of  the  stock  solution  are  measured  with 
a  pipette  into  a  500  cc.  volimietric  flask  and  made  up  to  the 
mark.  The  resulting  0.002  n  solution  may  then  be  standardized 
against  a  standard  uric  acid-phosphate  solution*®  bj''  a  titration 
such  as  that  described  later  in  this  paper  for  the  uric  acid  sepa- 
rated from  urine.  Three  different  0.1  n  stock  solutions  have  upon 
dilution  given  values  of  0.140,  0.143,  and  0.139  mg.  per  1  cc.  of 
the  0.002  N  solutions.  If  it  is  considered  more  convenient,  the 
stock  permanganate  solution  may  be  standardized  in  one  of  the 
usual  ways  and  its  equivalent  value  in  uric  acid  calculated  on  the 
basis  of  1  cc.  of  0.1  n  permanganate  being  equal  to  7.50  mg.* 
or  7.22  mg."  of  uric  acid.  According  to  our  experience  with 
the  titration  in  bicarbonate  solution  1  cc.  of  0.1  n  permanganate  is 
equivalent  to  7.32  mg.  of  uric  acid.  The  dilute  permanganate 
solution  keeps  its  value  for  a  relatively  short  time,  but  in  no  case 
have  we  found  it  to  vary  appreciably  during  a  day's  work. 

Other  Reagents  Required. — Saturated  disodium  phosphate  solu- 
tion; 10  per  cent  zinc  chloride  solution;  10  per  cent  calcium 
chloride  solution;  10  per  cent  potassium  iodide  solution;  20  per 
cent  sodium  carbonate  solution;  0.5  per  cent  soluble  starch  so- 
lution (starch  will  serve  but  soluble  starch  gives  a  better  end- 
point);  solid  sodium  bicarbonate. 

Determination. 

The  procedure  as  now  used  is  as  follows:  Pipette  6  cc.  of 
urine  into  a  50  cc.  or  100  cc.  centrifuge  tube  and  add  3  cc.  of  10  per 

»o  Benedict,  S.  R.,  and  Hitchcock,  E.  H.,  J.  Biol.  Chem.y  1915,  xx,  619. 
"  von  Ritter,  G.,  Z,  physiol.  Chem.   1895-96,  xxi,  290. 
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cent  zinc  chloride.  Add  25  cc.  of  water,  mix  with  a  stirring  rod, 
put  in  a  small  piece  of  litmus  paper,  and  add  enough  20  per  cent 
sodium  carbonate,  with  stirring,  to  turn  the  Utmus  entirely  blue 
(not  the  violet  shade  of  neutrality  or  weak  alkalinity).  A  heavy 
precipitate  of  zinc  carbonate,  zinc  phosphate,  and  zinc  lu^te 
separates  from  a  clear  Uquid.  Now  centrifugalize  for  2  or  3 
minutes;  carefully  pour  oflf  the  liquid,  discarding  it.  The  pre- 
cipitate is  sufficiently  packed  down  to  remain  in  the  tube. 
Dissolve  this  in  dilute  hydrochloric  acid,  with  stirring.  To  the 
acid  solution  add  15  cc.  of  saturated  disodium  phosphate  and,  if 
necessary,  a  few  drops  more  of  dilute  hydrochloric  acid  to  dis- 
solve a  precipitate  of  zinc  phosphate.  Finally  pour  in  2  cc.  of  3 
per  cent  uraniimi  acetate  and,  while  stirring,  again  make  the 
contents  of  the  tube  alkaline  with  sodium  carbonate.  Centri- 
fugalize for  2  or  3  minutes  and  pour  clear  liquid  carefully  into 
a  300  to  500  cc.  Erlenmeyer  flask  for  titration.  In  the  presence 
of  the  large  excess  of  phosphates  none  of  the  uric  acid  will  pre- 
cipitate, while  the  zinc  and  uranium  have  carried  down  all  other 
substances  which  would  have  given  a  value  in  the  permanganate 
titration. 

Acidify  the  alkaline  liquid  containing  the  uric  acid  with  hydro- 
chloric acid  and  add  25  cc.  of  10  per  cent  calcimri  chloride.  Then 
add  excess  of  solid  sodium  bicarbonate.  Calcium  phosphate  will 
precipitate  when  the  acid  reaction  has  been  neutralized.  An 
excess  of  sodium  bicarbonate  beyond  this  point  is  desirable.  To 
the  very  weakly  alkaline  solution  so  prepared  for  titration  add 
1  cc.  of  10  per  cent  potassium  iodide,  3  cc.  of  0.5  per  cent  soluble 
starch,  and  enough  distilled  water  to  make  the  entire  volume 
within  a  few  cc.  of  250  cc.  Now  titrate  with  0.002  n  potassiimi 
permanganate  until  a  blue  shade  spreads  throughout  the  Uquid. 
The  color  of  the  drop  of  permanganate  as  it  hits  the  surface  changes 
from  pink  to  blue  and  assists  in  judging  the  approach  of  the 
end-point.  Comparison  of  the  fla^  from  time  to  time  with 
another  flask  containing  the  duplicate  awaiting  titration  or  a 
blank  arranged  for  the  purpose  has  been  found  to  assist  in 
arriving  at  the  end-point.  The  number  of  cc.  of  standard  per- 
manganate run  in  from  the  burette  needs  a  correction  for  a  blank 
value  corresponding  to  the  amount  of  free  dodine  necessary  in 
250  cc.  to  show  a  perceptible  blue  color.    This  can  easily  be 
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determined  for  the  standard  being  used  by  titrating  a  blank 
containing  1  ce.  of  10  per  cent  potassium  iodide,  3  cc.  of  0.5  per 
cent  starch,  and  250  cc.  of  water.  It  has  had  a  value  of  0.8  cc. 
of  permanganate  in  our  experience.  Subtracting  this  figure  from 
the  observed  reading  gives  the  actual  nimiber  of  cc.  of  0.002  n 
permanganate  required  for  the  uric  acid  present.  Multiplying 
this  by  the  value  of  each  cc.  of  the  permanganate  gives  the  amount 
of  uric  acid  present  in  5  cc.  of  urine. 

TABLET. 
Comparative  Uric  Acid  Estimatioru. 


Urine. 

Benedict  modification 

of  Folin-Denis 
colorimetric  method. 

Proposed  line 

preeipitation-alkal  i  ne 

oxidation  method. 

Folin-Shaffer 

ammonium  urate-aoid 

oxidation  method. 

gm.  per  H  hn. 

gm.  per  t4  Art. 

gm.  per  H  kre. 

F.  H.* 

0.592 

0.592 

0.527 

0.586 

0.592 

M.S.* 

0.505 

0.495 

0.464 

0.513 

0.507 

Dr.  Ct 

0.597 
0.577 

0.573 
0.577 

• 

Mra.  C.t 

0.270 

0.318 

0.231 

Mrs.  X.  II 

0.323 

0.357 

0.279 

*  Normal. 

t  Nephritis. 

t  Toxic  vomiting  of  pregnancy. 

II  Pregnancy. 

DISCUSSION. 

It  will  be  noted  from  the  typical  results  recorded  in  Table  I 
that  the  agreement  between  duplicates  of  the  zinc  precipitation- 
alkaUne  oxidation  procedure  is  as  good  as  those  with  the  colori- 
metric method.  In  normal  urines  the  values  with  both  are 
practically  identical.  There  are  some  irregularities  in  the  figures 
given  for  the  pathological  cases.  These  irregularities  are  present 
in  most  of  the  pathological  urines  so  far  examined.  Attempts 
have  been  made  to  locate  the  cause  for  this  in  the  proposed 
method  by  the  addition  of  such  substances  as  might  possibly  be 
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present.  The  absence  of  any  effect  which  can  be  attributed  to 
any  of  the  substances  tried  (Table  II)  leaves  the  difficulty  un- 
solved. The  figures  given  for  the  uslial  volumetric  method  (am- 
monium urate  precipitation-acid  oxidation)  show  that  all  results 
with  that  method  are  decidedly  low. 

Table  II  lists  a  few  substances  that  might  be  present  in  urine 
and  might,  because  of  their  nature,  be  suspected  of  affecting  the 
titration  values.  The  variation  in  titration  values,  with  the 
exception  of  phenols,  is  no  more  in  their  presence  than  is  foimd 
between  separate  titrations  of  pure  solutions.  Phenol  gives  a 
value  in  the  titration  and  the  end-point  is  a  fading  one,  indicating 
the  continued  oxidation  of  phenol.    This  substance,  of  all  those 

TABLE  II. 

Selective  Oxidation  of  Uric  Acid  by  PotasBium  Permanganate  in 
Solution  Made  Alkaline  with  Sodium  Bicarbonate, 


• 

Urio  acid  standard 
(5  CO.  >  Imc.). 

Amount  of  0.002  n 

KMnOi  required  for 

urieaoid. 

Substance  added. 

Amount  of  0.002  n 

KMn04  required  for 

subetanoe  +  urio  acid. 

ce. 

5 
5 
5 
5 

5 

ce. 

7  0 
7.1 
7.2 
7.1 
7.0 

Caffeine. 
Allan  toin. 
Hippuric  acid. 
.  Dextrose. 
Phenol. 

ce. 

7.1 
7.0 
7.0 
7.2 

7.8+* 

*  End-point  indefinite  and  fading. 

tried,  most  closely  resembles  uric  acid  in  the  selective  oxidation 
process  used.  Fortunately  the  separation  of  uric  acid  from 
phenols  by  precipitation  of  the  former  as  the  zinc  salt'  precludes 
the  presence  of  phenols  in  the  final  titration. 

SUMMABT. 


A  volumetric  method  for  the  determination  of  small  amounts 
of  uric  acid  has  been  developed  and  described  in  detail  for  urine. 
It  is  based  upon  the  instantaneous  and  complete  precipitation  of 
uric  acid  as  the  zinc  salt  and  a  single  direct  titration  with  per- 
manganate in  a  solution  alkaline  with  sodium  bicarbonate.  The 
end-point  used  is  the  blue  starch  iodide  color  and,  because  of  the 
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mild  nature  of  the  oxidation  and  the  excess  iodide  present,  there 
is  no  fading  to  confuse  the  end-point. 

The  results  on  the  usual  blood  filtrate  obtained  by  precipitating 
proteins  with  dilute  acetic  acid  agree  with  those  obtained  with 
the  colorinietric  method.  Because  of  the  iisual  difficulties  which 
attend  this  preliminary  precipitation  of  blood  proteins,  no  detailed 
report  has  been  made  here  of  results  of  this  application  of  the 
method.  Attempts  are  still  being  made  to  find  a  precipitant  of 
proteins  which  will  make  it  possible  to  obtain  from  blood  entirely 
reliable  results  with  this  sensitive  volumetric  method. 


COMPARATIVE  DISTRIBUTION  OF  UREA,  CREATININE, 

URIC  ACID,  AND  SUGAR  IN  THE  BLOOD 

AND  SPINAL  FLUID.* 

By  victor  C.  MYERS  and  MORRIS  S.  FINE. 

(From  the  Laboratory  of  Pathological  Chemistry,  New  York  Post-Gradiuite 

Medical  School  and  Hospital,  New  York.) 

(Received  for  publication,  December  30,  1918.} 

In  previous  papers,^  it  has  been  shown  that  as  the  permeability 
of  the  kidney  is  lowered  in  conditions  of  renal  insuflSciency  this 
becomes  evident  in  the  blood,  first  by  a  retention  of  uric  acid,  later 
by  that  of  urea,  and  lastly  by  that  of  creatinine,  indicating  that 
creatinine  is  the  most  readily  eliminated  of  these  three  nitrogenous 
waste  product8,,and  uric  acid  the  most  difficultly  eliminated,  with 
urea  standing  in  an  intermediate  position.  Judging  from  the 
comparative  composition  of  the  blood  and  urine,  the  kidney  nor- 
mally concentrates  the  creatinine  100  times,  the  urea  80  times,  but 
the  uric  acid  only  20  times.  There  is  apparently  little  difference 
in  the  ability  of  the  kidney  to  excrete  creatinine  and  urea,  al- 
though there  is  a  marked  difference  between  these  two  substances 
and  uric  acid. 

In  connection  with  these  observations,  it  appeared  of  interest 
to  us  to  compare  the  concentration  of  these  waste  products 
in  the  blood  with  those  of  the  spinal  fluid  in  cases  with  normal 
kidney  activity  and  with  nitrogen  retention.  With  the  rise  in 
Hie  concentration  of  these  substances  in  the  blood  as  the  result 
of  renal  impairment,  there  must  be  a  corresponding  change  in  the 
physical  factors  influencing  their  content  in  the  spinal  fluid. 
Are  the  well  known  physical  properties  of  these  substances,  such 
as  solubility  and  diffusibiUty,  chiefly  concerned  in  determining 

*  Reported  in  Proc.  Soc.  Exp.  Biol,  and  Med.,  1915-16,  xiii,  126. 

1  Myers,  V.  C,  and  Fine,  M.  S.,  Arch.  Int.  Med.,  1916,  xvii,  570;  Chace, 
A.  F.,  and  Myers,  V.  C,  J.  Am.  Med.  Assn.,  1916,  Ixvii,  929.  Watanabe,  C. 
K.,  Am.  J.  Med.  Sc,  1917,  clix,  76. 
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how  well  the  concentration  of  these  substances  in  the  spinal  fluid 
will  keep  pace  with  the  blood,  or  are  other  factors  concerned? 

The  recent  studies  of  Gushing  and  his  coworkers*  have  given 
us  more  definite  information  regarding  the  secretion  of  the  spinal 
fluid.  It  appears  to  be  secreted  chiefly  by  the  choroid  plexus, 
the  cells  of  which  are  relatively  impermeable  to  the  passage  from 
the  blood  stream  of  drugs  and  such  substances  as  bile  pigments. 
An  observation  made  by  one  of  us'  several  years  ago  is  of  interest 
in  this  connection.  Immediately  after  death,  as  soon  as  J  hour, 
the  content  of  potassium  salts  in  the  spinal  fluid  rises  to  five 
times  the  normal — to  the  approximate  concentration  of  the  blood 
plasma. 

It  is  now  well  known  that  the  various  membranes  of  the  body 
are  very  permeable  to  urea,  resulting  in  an  even  distribution*  of 
this  waste  product  throughout  the  tissues  of  the  body,  and  Cullen 
and  Ellis^  have  strikingly  pointed  this  out  in  the  case  of  the 
blood  and  spinal  fluid,  an  observation  also  made  by  Woods*  at 
about  the  same  time.  We  have  likewise  recorded  a  few  observar 
tions  on  the  spinal  fluid  in  connection  with  analyses  of  the  blood.^ 
Data  on  the  spinal  fluid  of  children  have  been  reported  by  Leo- 
pold and  Bemhard.^  In  their  normal  cases  they  found  an  aver- 
age urea  nitrogen  content  of  9.9  mg.  to  100  cc,  0.9  mg.  of  creati- 
nine, and  no  uric  acid,  although  in  some  of  their  pathological  cases 
traces  of  uric  acid  were  found.  In  edema  fluids  it  has  been 
pointed  out  by  Denis,'  and  also  by  Bemhard,*°  that  the  concen- 
tration of  the  non-protein  nitrogenous  constituents  is  comparable 
with  that  of  the  blood. 

Our  own  observations  recorded  in  Table  I  were  made  during 
1915  and' the  early  part  of  1916,  and  include  estimations  of  the 

*  Gushing,  H.,  J.  Med.  Research^  1914-15,  xxxi,  1.  Weed,  L.  H.,  t6ttf., 
21,  61,  93.  Wegefarth,  P.,  ibid.,  119,  149.  Wegefarth  and  Weed,  ibid,, 
167. 

» Mycra,  V.  C.,-J.  Biol.  Chem.,  1909,  vi,  115. 

*  Marshall,  E.  K.,  Jr.,  and  Davis,  D.  M.,  J.  Biol.  Chem.,  1914,  xviii,  53. 

*  Cullen,  G.  E.,  and  Ellis,  A.  W.  M.,  J.  Biol.  Chem,,  1915,  xx,  511. 

•  Woods,  A.  C,  Arch.  Int.  Med.,  1915,  xvi,  577. 

^  Myers,  V.  C.,  and  Fine,  M.  S.,  J.  Biol.  Chetn.,  1915,  xx,  391. 

•  Leopold,  J.  S.,  and  Bernhard,  A.,  Am.  J.  Dia.  Child. ,  1917,  xiii,34. 

•  Denis,  W.,  Arch.  Int.  Med.,  1917,  xx,  879. 

10  Bernhard,  A.,  Interstate  Med.  J.,  1918.  xxv,  188. 
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urea,  creatinine,  creatine,  uric  acid,  and  sugar  of  both  the  blood 
and  spinal  fluid.  The  estimations  of  the  urea,  creatinine,  and 
uric  acid  were  carried  out  as  already  described,"  while  the  sugar 
was  determined  by  a  modification  of  the  Lewis  and  Benedict 
method.!*  Creatine  was  determined  by  the  method  of  Folin.^' 
Since  these  studies  were  completed  it  has  been  shown  by  several 
workers  that  the  results  with  this  method  are  too  high.  The 
figures  for  creatine  have,  however,  been  retained  in  our  table  as 
a  matter  of  record.  The  blood  and  spinal  fluids  were  obtained 
simultaneously,  except  as  otherwise  noted  in  Table  I. 

DISCUSSION. 

Table  I  presents  observations  on  blood  and  spinal  fluid  in 
fifteen  cases.  These  patients  were  suffering  from  nephritis  of 
various  stages  of  severity,  and  gave  chemical  blood  pictures 
varying  from  practically  normal  to  excessive  retention  of  lu^mia. 
The  data  are  arranged  according  to  the  magnitude  of  the  blood 
urea.  When  the  blood  and  spinal  fluid  were  obtained  simul- 
taneously, there  was  a  sUght  lag  in  the  urea  of  the  spinal  fluid  in 
comparison  with  the  blood.  Averaging  the  whole  series,  the  con- 
tent of  the  spinal  fluid  urea  amoimts  to  88  per  cent  of  that  of  the 
blood.  The  first  seven  cases  of  the  series  show  high  figures  for 
the  creatinine  of  the  blood,  and,  with  one  exceptioh,  the  figures 
for  the  spinal  fluid  are  likewise  increased,  though  not  in  propor- 
tion to  the  increase  found  in  the  case  of  the  urea.  Case  5,  in 
which  the  creatinine  of  the  spinal  fluid  was  not  notably  changed, 
was  an  acute  and  rapidly  fatal  case.  The  spinal  fluid  was  taken 
1  day  previous  to  the  blood.  For  the  series,  the  creatinine  of 
the  spinal  fluid  represents  46  per  cent  of  that  of  the  blood.  Ap- 
parently not  more  than  a  trace  of  uric  acid  is  normally  present  in 
the  spinal  fluid.  When  sufficient  fluid  was  available  for  a  satis- 
factory estimation  in  these  pathological  cases,  it  was  possible  to 
obtain  enough  uric  acid  in  some  instances  to  give  a  fairly  satis- 
factory color  reaction.  The  largest  amounts  of  uric  acid  were 
obtained  in  the  first  seven  subjects,  as  in  the  case  of  the  creati- 

"  Myers,  V.  C,  and  Fine,  M.  S.,  Arch.  Int.  Med.,  1916,  xvii,  570. 
"  Myers,  V.  C,  and  Bailey,  C.  V.,  J.  Biol.  Chem.,  1916,  xxiv,  147. 
"  Folin,  O.,  J.  Biol.  Chem.,  1914,  xvii,  475. 
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Comparalive  Distribution  of  Urea,   Crealinine,   Creatini 
Sugar  in  Blood  ami  Spinal  Fluid. 
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TABLE  1— Concluded. 
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-0.05 

l.H 

— 

Gastritis, 

15 

71 

-f 

26 

24 

2.5 

1.8 

fl.6 

1.4 

3.8 

0.3 

0,12 

0,08 

Chronic  intersti- 
tial nephritis. 

Aver- 

age... 

107 

94 

5.0 

2.3 

5,r 

i,a 

6,8 

0.4 

O.IG 

0.00 

nine,  although  there  does  not  appear  to  be  any  close  relationship 
between  the  varying  amount  in  the  blood  and  spinal  fluid.  Uric 
acid  does  not  readily  pass  to  the  spinal  fluid,  siiice  the  amount 
present  in  this  fluid  represents  only  about  5  per  cent  of  that 
found  in  the  blood. 

The  comparative  distribution  of  the  sugar  in  the  blood  and 
spinal  fluid  is  of  interest,  since  the  mechanism  by  which  sugar 
is  eliminated  by  the  kidney  is  apparently  quite  different  from 
that  by  which  urea,  creatinine,  and  uric  acid  are  excreted.  It  is 
now  generally  recc^nizcd  that  sugar  is  present  in  the  spinal 
fluid  in  amounts  somewhat  below  that  of  the  blood,  a  fact  borne 
out  by  the  present  series  of  observations.  Such  slight  differences 
as  are  present  in  the  sugar  of  the  spinal  fluid  reflect  differences  in 
the  blood  sugar.  An  observation  on  a  case  of  pronounced  diabetes 
is  of  interest  in  this  connection.  With  a  blood  sugar  of  0.438  per 
cent,  the  spinal  fluid  contained  0.30  per  cent  sugar.  For  the 
series,  the  sugar  concentration  of  the  spinal  fluid  amounted  to 
about  60  per  cent  of  the  quantity  present  in  the  blood. 
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If  the  diflferences  in  concentration  noted  above  may  be  regarded 
as  representing  the  relative  permeability  of  the  cells  separating 
the  blood  and  spinal  fluid,  one  notes  that  the  extent  of  passage 
from  the  blood  into  the  spinal  fluid  is  greatest  for  urea,  less  for 
sugar,  still  less  for  creatinine,  and  least  for  uric  acid.  This  also 
represents  the  order  of  their  solubility  in  water,  and  apparently  the 
order  of  their  diffusibility  through  the  various  tissues  and  mem- 
branes, observations  in  agreement  with  the  view  of  McClendon" 
that  the  spinal  fluid  is  an  ultrafiltrate.  As  regards  the  kidney, 
the  findings  harmonize  with  the  fact  that  uric  acid  is  excreted 
with  difficulty,  but  do  not  explain  why  creatinine  is  apparently 
more  readily  eliminated  than  urea.  The  solubility  of  urea  is 
about  ten  times  that  of  creatinine  and  its  diffusibility  consider- 
ably greater,  although  it  may  be  noted  that  normally  there  is 
about  fifteen  times  as  much  urea  eliminated.  The  greater 
amount  of  work  necessary  for  the  kidney  to  do  in  the  case  of  urea 
would  seem  to  afford  the  only  physical  explanation  as  to  why 
creatinine  is  the  more  readily  eliminated  of  these  two  waste 
products. 

SUMMARY. 

Comparative  analyses  of  blood  and  spinal  fluid  are  reported  on 
fifteen  cases,  showing  varying  degrees  of  nitrogen  retention. 
The  concentration  of  urea  in  the  spinal  fluid  averaged  88  per 
cent  of  that  of  the  blood,  the  concentration  of  creatinine  46  per 
cent,  that  of  uric  acid  5  per  cent,  and  that  of  sugar  57  per  cent. 
These  percentage  differences  represent  the  order  of  their  solubility 
in  water,  and  apparently  also  the  order  of  their  diffusibility. 

i^McClendon,  J.  F.,  J.  Am.  Med.  Assn.,  1918,  Ixx,  977. 


CREATINURU  AND  ACIDOSIS. 
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(From  the  Chemical  Laboratory  of  the  MassaehuBetta  General  Hospital, 

Boston,) 

(Received  for  publication,  December  28,  1918.) 

The  results  of  a  series  of  experiments  recently  carried  on  in 
this  laboratory^  seem  to  prove  the  close  connection  between 
protein  intake  and  the  production  of  creatinuria  in  man.  Briefly 
summarized  our  results  indicated  that  in  children,  in  two  normal 
women,  and  in  persons  suffering  from  hyperthyroidism,  the 
amoimt  of  creatine  present  in  the  urine  could  be  increased,  or 
decreased,  at  will  by  changes  in  the  protein  content  of  the  diet. 

It  has  been  shown  by  Underbill'  that  in  rabbits  creatine  ex- 
cretion can.be  produced  by  the  administration  of  a  diet  high  in 
acid  salts  (oats  and  com),  and  decreased  to  the  vanishing  point, 
either  by  the  administration  of  food  of  an  alkaline  nature  such 
as  carrots,  or  by  the  use  of  a  ration  composed  of  an  appropriate 
mixture  of  the  above  acid  and  basic  foods;  if,  however,  to  this 
mixed  ration  hydrochloric  acid  is  added,  creatine  excretion 
promptly  begins,  and  continues  as  long  as  the  administration  of 
acid  is  kept  up.  On  the  basis  of  this  experimental  work  Underbill 
has  suggested  the  possibiUty  of  a  relation  between  acidosis  and 
creatine  excretion. 

While  in  our  opinion  the  results  of  our  feeding  experiments 
summarized  above  may  be  considered  as  evidence  in  favor  of  the 
protein  theory  of  creatine  origin,  it  must  be  admitted  that  the 
high  protein  diets  used  by  us  were  of  a  highly  acid  character, 
while  our  low  protein  diets  consisted  largely  of  alkaline  vegetarian 
foods.    It  has  therefore  seemed  undesirable  to  leave  the  subject 

*  Denis,  W.,  J.  Biol.  Chem.,  1917,  xxix,  447.  Denis,  W.,  and  Kramer, 
J.  G.,  ibid.,  1917,  xxx,  189.  Denis,  W.,  and  Minot,  A.  S.,  ibid.,  1917,  xxxi, 
561. 

«  Underbill,  F.  P.,  J.  Biol.  Chem.,  1916,  xxvii,  127. 
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without  carrying  out  on  human  subjects  a  few  experiments  along 
the  same  general  lines  used  by  Underbill  in  his  work  on  rabbits. 

Preliminary  experiments  soon  showed  that  it  was  impossible  to 
administer  hydrochloric  acid  to  human  subjects  in  amoimts  suf- 
ficiently large  to  make  our  work  in  any  way  comparable  to  that  of 
Underbill;  we  have  therefore  been  compelled  to  adopt  the  re- 
verse procedure,  i.e.  to  feed  a  highly  acid  diet,  and  after  creatine 
excretion  was  established  to  administer  sodium  bicarbonate  in 
amounts  sufficient  to  keep  the  urine  alkaline  to  litmus.* 

Our  experimental  subjects  consisted  of  two  normal  boys,  four 
women  suffering  from  hyperthyroidism,  and  two  normal  women. 

The  boys  and  the  four  hyperthyroid  cases  were  patients  of  this 
hospital;  the  two  former  were  surgical  cases  who  were  being 
treated  for  fractures  of  the  leg;  they  were  both  in  good  physical 
condition,  had  been  subjected  to  no  surgical  procedures  for  2 
weeks  before  becoming  experimental  subjects,  and  may  be  con- 
sidered  as  essentially  nonnal. 

In  Experiments  I  to  VI  the  subjects  were  given  the  following 
foods:  bread,  butter,  eggs,  milk,  cheese,  gelatin,  one  orange,  and 
one  apple.  After  a  day  or  two  of  preliminary  feeding  in  which 
the  capacity  of  each  subject  was  determined,  a  diet  list  composed 
of  the  above  foods  was  made  out  to  which  the  patients  were  re- 
quired to  adhere  during  the  experimental  period. 

The  sodium  bicarbonate  was  administered  in  four  equal  doses 
at  3  hour  intervals  between  7  a.m.  and  7  p.m. 

Observations  on  body  temperature  were  made  at  12  hour  inter- 
vals, but  as  no  abnormal  figures  are  recorded  these  data  are  not 
included  in  the  tables. 

Creatinine  and  creatine  determinations  were  made  by  Folin's 
micro  methods  using  purified  picric  acid;  the  determinations  of 

'  Recently  Steenbock  and  Gross  {J.  Biol,  Chem.f  1918,  xxxvi,  265)  have 
earned  on  a  series  of  experiments  on  pigs  and  have  shown  that  with  these 
animals  * 'protein  feeding,  if  sufficiently  intensive,  will  always  produce 
creatinuria  or  if  already  present  will  increase  H  in  degree.  This  effect 
obtains  even  during  alkalosis  and  cannot  be  attributed  to  acids  resulting 
from  the  metabolism  of  the  protein  molecule.**  They  have  further  shown 
that  administration  of  amounts  of  hydrochloric  acid  equivalent  to  the 
potential  acidity  of  the  ingested  protein  are  entirely  ineffective  in  the 
production  of  creatinuria. 
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hydrogen  ion  concentrations  were  made  by  the  colorimetric  tech- 
nique of  Henderson  and  Pahner. 

On  the  whole  the  experimental  results  presented  appear  to 
demonstrate  no  definite  connection  between  changes  in  acid-base 
equilibrium  and  creatine  excretion.  In  Experiments  •!  and  II 
(normal  boys),  III  (hyperthyroidism),  and  VII  (normal  woman) 
no  definite  change  in  creatine  excretion  was  noted.  In  Subject  5 
(hyperthyroidism)  a  distinct  increase  occurred,  while  in  Subjects 
4  and  6  (hyperthyroidism)  and  Subject  8  a  decrease  occurred. 


Subject  1 


EXPERIMENT  I. 
Male,  12  Yearn,  Weight  Si  Kiloa. 


Date. 


1918 

Feb.  23-24 

"      24-25 

"      25-26 

"      26-27 

"      27-28 

"      28-Mar.  1 

Mar.    1-2 

2-3 

"       3-4 

"        4-5... 

"        5-6 

"        6-7 

"        7-8 

8-9 

"        9-10 

"      10-11 

"      11-12 


24  hour 
volume. 

Creatinine. 

Creatine. 

Total 
nitrogen. 

cc. 

gtn. 

gm. 

gtn. 

500 

0.58 

0.22 

6.62 

400 

0.58 

0.21 

6.25 

780 

0.56 

0.20 

9.36 

530 

0.58 

0.17 

10.60 

1,660 

0.51 

0.17 

10.29 

770 

0.46 

0.25 

9.39 

900 

0.52 

0.24 

10.26 

620 

0.42 

0.22 

7.44 

960 

0.52 

0.18 

7.39 

1,020 

0.54 

0.22 

9.18 

9,50 

0.52 

0.14 

9.26 

9S0 

0.56 

0.15 

11.22 

1,180 

.     0.54 

0.20 

10.20 

640 

0.53 

0.23 

8.00 

840 

0.55 

0.16 

9.32 

800 

0.50 

0.29 

9.60 

Sodium 

bicarbonate 

taken. 

gtn. 

0 

0 
10 
10 
10 
10 

0 

0 

0 

0 
10 
10 
10 
10 

0 

0 

0 


While  the  experiments  outlined  above  were  in  progress  several 
papers  have  appeared  bearing  on  the  problem  of  the  relation  of 
protein  intake  to  ci*eatine  excretion. 

Rose^  has  published  an  account  of  experiments  extending  over 
periods  of  several  weeks,  the  results  of  which  lead  her  to  conclude 
that  ''the  creatine  output  in  women  is  very  irregular;  ...  is  not 
definitely  influenced  by  the  amount  of  protein  in  the  diet."     This 

*  Rose.  M.  S.,  J.  Biol.  Chern.,  1917.  xxxii.  1. 
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series  of  experiments  was  apparently  planned  to  furnish  evidence 
concerning  the  influence  of  the  sexual  cycle  on  creatine  excretion, 
and  as  no  figures  for  urinary  nitrogen  are  included  comparison 
with  our  results  is  diflScult. 


EXPERIBfENT  II. 
Subject  g.    Male,  IS  Years ^  Weight  $9  Kilos. 


Date. 


19U 

June    9-10 

"  10-11 

"  11-12 

"  12-13 

*   "  13-14 

"  14-15 

"  15^16 

"  lfr-17 

"  17-18 


24  hour 
volume. 

Creatinine. 

Creatine. 

Total 
nitrogen. 

ce. 

gm. 

gm. 

gm. 

1.400 

0.84 

0.21 

10.64 

1,560 

0.74 

0.07 

6.70 

2,000 

0.94 

0.16 

7.50 

1.640 

0.80 

0.12 

6.80 

1,860 

0.76 

0.15 

5.95 

1,460 

0.71 

0.20 

5.50 

1,280 

0.70 

0.16 

6.08 

940 

0.71 

0.12 

5.82 

890 

0.79 

0.19 

6.49 

Sodium 

bicarbonate 

taken. 

gm. 

0 
0 

io 

10 
10 
10 

0 

0 

0 


EXPERIMENT  III. 
Svbject  S.     Female,  Hyperthyraidism,  SB  YearSy  Weight  4S  Kilos. 


Date. 


1918 

Feb.  2-  3 

"  3-  4 

"  4-  5 

"  5-  6 

"  6-  7 

"  7-  8 

"  13-14 

"  14-15 

"  15-16. 

"  16-17. 

"  17-18. 


24  hour 
volume. 

Creatinine. 

Creatine. 

Total 
nitrogen. 

cc. 

gm. 

gm. 

gm. 

1,020 

0.72 

0.35 

11.32 

1,400 

0.70 

0.56 

15.89 

2.260 

0.72 

0.50 

18.64 

1,780 

0.72 

0.39 

14.70 

1,510 

0.75 

0.21 

13.21 

1,400 

0.75 

o.a5 

13.89 

1,220 

0.76 

0.25 

11.20 

1.020 

0.76 

0.24 

11.30 

1,800 

0.72 

0.48 

14.40 

1,480 

0.09 

0.23 

8.65 

1,900 

0.70 

0.24 

10.54 

Sodium 

bioarboiutta 

taken. 

gfHm 

0 

0 
15 
15 
15 

0 

0 

0 
15 
15 
15 


The  great  variations  in  the  daily  figures  for  preformed  creati- 
nine contained  in  this  work,  variations  in  some  cases  amounting 
to  400  per  cent,  and  the  extremely  low  figures  for  preformed 
creatinine  given  for  adult  women,  make  it  seem  possible  that  some 
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EXPERIMENT  IV. 
Subject  4-    Female,  Hyperthyroidism,  2B  Years,  Weight  41  Kilos. 


Date. 


1918 

Feb.  27-28 

"  28-Mar.  1 
Mar.    1-2 

"        2-3 

"       3-4 

"        4-5 

"        5-6 

"        6-7 

7-8 


24  hour 
volume. 


cc. 

900 
780 

840 
1,080 
1,320 
1,380 
1,340 
1,180 


Creatinine. 


gm. 

0.60 
0.58 

0.58 
0.58 
0.66 
0.65 
0.60 
0.72 


Creatine. 


gm. 

0.45 
0.42 

0.31 
0.18 
0.22 
0.18 
0.17 
0.18 


Total    • 
nitro0on. 


gm. 

11.78 
11.46 

11.59 
9.72 

10.95 

11.51 
9.64 

10.62 


Sodium 

bicarbonate 

taken. 


gm. 

0 

0 

0 

15 

15 

15 

15 

0 

0 


EXPERIMENT   V. 
Subject  6.  Fcmate,  Ht/ pert hi/roid ism,  2S  Yearn,  Weight  61  Kiloa. 


Date. 


1918 

Apr.  27-28. . . . 

"     28-29. . . . 

"     29-30. . . . 

"     30-May  1 
May    1-2 

"       2-3 

"   •    3-4 


24  hour 
volume. 

Creatin- 
ine. 

Creatine. 

Total 
nitrogen. 

pH 

cc. 

gm. 

gm. 

gm. 

1,160 

0.50 

0.43 

11.60 

5.1 

1.140 

0.50 

0.44 

11.70 

5.3 

1,160 

0.46 

0.43 

12.08 

5.3 

1,250 

0.62 

0.65 

15.8 

7.0 

1,240 

0.49 

0.40 

10.29 

7.0 

1,600 

0.56 

0.44 

12.64 

7.0 

1,150 

0.61 

0.38 

10.69 

7.0 

Sodium 
bicarbon- 
ate taken. 

gm. 

0 

0 
10 
15 
15 
15 

0 


EXPERIMENT    VI. 
Subject  6.     Female,  H i/perthyroidism.  27  Years,  Weight  63  3  Kilos. 


Date. 


1918 

Apr.  28-29. . . . 

"     29-30. . . . 

"     30-May  1 
May    1-2 

"       2-3 

"       3-4 

"       4-5 

"       5-6 

"       6-7 


24  hour 
volume. 

Creatin- 
ine. 

Creatine. 

Total 
nitrogen. 

pH 

cc. 

gm. 

gm. 

gm. 

1,140 

0.70 

0.88 

19.72 

5.1 

1,040 

0.73 

0.94 

20.59 

o./ 

1,380 

0.60 

0.55 

13.66 

6.3 

2,140 

0.81 

0.49 

19.68 

7.0 

1,720 

0.67 

0.55 

17.71 

7.0 

1,600 

0.81 

0.32 

15.20 

6.2 

1.360 

0.68 

0.65 

15.09 

5.0 

1,440 

0.80 

0.88 

18.14 

5.0 

1,280 

0.66 

0.66 

16.00 

5.3 

Sodium 
bicarbon- 
ate taken. 

gm. 

0 
10 
15 
15 
15 

0 

0 

0 

0 
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of  the  experimental  subjects  could  scarcely  be  classed  as  normal. 
For  instance  in  Experiment  I  a  figurc  of  85  mg.  of  preformed 
creatiniiu^  is  given  as  the  amount  of  this  substance  excreted  on 
February  23,  1915,  by  a  woman  weighing  60  kilos.  6  days  later, 
March  1,  the  same  subject  excreted  162  mg.  of  preformed  crea- 
tine, and  on  March  4,  356  mg.  As  a  common  figure  for  preformed 
creatinine  excretion  in  24  hours  for  infants  of  1  year  weighing 
about  10  kilos  is  in  the  neighl)orhood  of  100  mg.,  it  is  difficult  to 
connect  some  of  the  above  figures  with  nomial  adult  women. 

EXPERIMENT    VII. 


Date. 


1918 

Jan.  21-L>2 

23-24 . 
2J-2o. 
25-26. 
20-27. 
27-2.S. 
2.S-2<). 
20-30. 
30-31. 


« 
tt 
u 
It 


24  hour 
volume. 

Creatinine. 

Creatine. 

Total 
nitroRen. 

cc. 

gm. 

gm. 

gm. 

1,2L>0 

1.14 

0 

6.0 

LOGO 

1.16 

•0.12 

l.KU) 

1 .  15 

0.07 

— 

i.iso 

1.21 

0.18 

060 

i.a3 

0.32 

13.40 

1,280 

1 .  23 

0.50 

21.63 

1.060 

1 .  26 

0.38 

17.28 

060 

1.07 

0.27 

17.37 

1,0S0 

1.18 

0.41 

10.08 

1.500 

1.57 

0.30 

21.75 

Sodium 

bicarbonate 

taken. 

gm. 

0 

0 

0 

0 

0 

0 
10 
15 
15 
15 


Subject  7--X()rnial  fcrnalc,  30  years,  wtjiglit  00  kilos.  Jan.  21  to  22, 
a  low  protein  diet  free  from  moat  was  taken.  On  Jan.  22,  a  hip:h  prQtoin 
diet  consistinf?  of  the  following  foods  was  started  and  continued  to  the 
end  of  the  experiment:  bread  200  gm.,  butter  50  gm.,  twelve  eggs,  gelatin 
50  gm.,  chee.se  200  gm.,  two  oranges,  two  lemons.  This  diet  contains 
approximately  20  gm   of  nitrogen  and  2.200  calories. 

Rose,  Dimmitt,  and  Bartlett^  have  also  published  the  results  of 
experiments  on  the  subject  of  high  protein  feeding  which  have 
caused  them  to  come  to  the  conclusion  that  '*the  ingestion  of 
diets  excessively  high  in  protein  fails  to  induce  the  excretion  of 
creatine  in  normal  women  and  men.*'  In  connection  with  this 
conclusion  we  would  call  attention  to  the  fact  that  the  two  experi- 
ments on  women  made  by  these  investigators  are  not  in  any  way 
a  repetition  of  our  experiments  on  this  subject.     Thus  in  their 

» Rose,  W.  C,  Dimmitt,  J.  S.,  and  Bartlett,  H.  L.,  J.  Biol.  Chem..  1918. 
xxxiv,  601. 
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experiments  the  highest  diet  taken  by  the  female  subject  A.B. 
contained  21.76  gm.  of  nitrogen  and  2,243  calories  per  day,  while 
the  female  subject  E.  B.  took  only  16.16  gm.  of  nitrogen  and  1,759 
calories;  furthermore,  these  diets  were  taken  for  a  period  of  5 
days  only  and  followed  a  period  of  in  one  case  6  and  the  other  5 
days  during  which  a  low  protein  diet  had  been  consumed. 

EXPERIMENT   VIH. 


Date. 


1918 

Jan.  17-18.. 
18-19. . 
19-20.. 
20-21.. 
21-22. . 
22-23. . 
23-24. . 
24-25. . 
25-26.. 
26-27.. 
27-28. . 
28-29. . 
29-30. . 
30-31 . . 
31-Feb. 
1-2. . . 
2-3... 


« 


tt 


u 


u 


tt 


tt 


It 


tt 


tt 


tt 


tt 


tt 


tt 


tt 


24  hour 
volume. 


Feb. 
tt 


cc. 

1.020 
1,2-20 
1,060 
980 
1,020 
1,200 

1.080 
1,030 
1,110 
1,300 
1,320 
1,120 
1.160 
1,170 
1.120 
1,540 


Creatinine. 


gm. 

1.19 
1.13 
1.16 
0.99 
1.10 
1.19 

1.08 
1.00 
1.22 
1.01 
1.13 
1.11 
1.16 
0.99 
1.12 
1.05 


Creatine. 

Total 
nitrogen. 

gm. 

gm. 

0 

5.2 

0 

— 

0.08 

— 

0.06 

0 

— 

0.17 

0.20 

16.60 

0.28 

17.32 

0.38 

21.78 

0.30 

23.63 

0.11 

23.49 

0.14 

20.49 

0.11 

19.25 

0.12 

18.25 

0.18 

20.16 

0.15 

21.16 

Sodium 

bicarbonate 

taken. 

gm. 

0 
0 
0 
0 
0 
0 

0 

0 

0 

0 
10 
15 
15 
15 

0 

0 


Subject  8. — Normal  female,  23  years,  weight.  53  kilos.  Jan.  17  to 
18  was  the  last  day  of  an  8  day  period  of  low  protein  feeding.  On  Jan.  18, 
a  period  of  high  protein  feeding  was  started  and  continued  to  the  end  of 
the  experiment.  The  daily  ration  consisted  of  the  following:  bread  150 
gm.,  butter  25  gm.,  milk  500  cc,  twelve  eggs,  gelatin  55 gm.,  cheese  200 gm., 
string  beans  (canned)  100  gm.  This  diet  contains  approximately 31  gm.  of 
nitrogen  and  2,200  calories. 


In  the  experiments  which  justified  our  statement  that  cre- 
atinuria  could  be  produced  in  women  by  high  protein  feeding,  the 
daily  ration  contained  approximately  33  gm.  of  nitrogen,  an 
amount  a  little  more  than  twice  that  contained  in  the  diet  of  the 
second  female  subject  of  Rose,  Dimmitt,  and  Bartlett.  Further- 
more, we  have  found  by  experience,  that  in  the  production  of 
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creatinuria  by  forced  protein  feeding,  the  desired  result  is  ob- 
tained more  slowly  if  the  preceding  diet  has  been  of  a  low  protein 
nature. 

The  two  normal  women  who  were  used  in  our  experiments  of 
last  year  were  again  used  in  Experiments  VII  and  VIII  of  this 
paper,  and  as  will  be  seen  it  took  several  days  of  high  protein 
feeding  before  creatinuria  was  induced.  It  is  to  be  admitted  that 
more  experimental  work  on  a  larger  number  of  women  is  necessary 
before  a  decision  can  be  reached  in  this  matter.  It  is,  however, 
extremely  diflBcult  to  obtain  female  subjects  possessing  sufficient 
physical  courage  and  scientific  enthusiasm  to  carry  them  through 
such  a  disagreeable  dietary  experiment,  and,  as  after  a  consider- 
able number  of  trials,  we  have  been  unable  to  obtain  further 
experimental  material  our  first  paper  was  published  in  the  hope 
that  our  experiments  might  stimulate  sufficient  interest  to  cause 
them  to  be  repeated  in  other  laboratories. 


THE  ANTISCORBUTIC  PROPERTY  OF  VEGETABLES. 

I.     AN  EXPERIMENTAL  STUDY  OF  RAW  AND  DRIED  TOMATOES.* 

By  MAURICE  H,  GIVENS  and  HARRY  B.  McCLUGAGE. 
(From  the  Department  of  Physiology,  University  of  Rochester ,  Rochester.) 

(Received  for  publication,  December  18,  1918.) 

The  following  experiments  are  a  part  of  a  large  series  planned 
to  determine  the  antiscorbutic  potency  of  different  foods,  the 
effect  of  preparation  and  preservation  upon  these  foods,  and  other 
similar  questions.  Desiccation  of  certain  foods,  particularly  vege- 
tables, as  a  means  of  preservation,  has  been  advocated  widely 
because  of  war  conditions.  There  can  be  no  question  but  that 
such  a  procedure  is  justified  from  an  economic  standpoint,  but 
concerning  the  physiological  value  of  desiccated  foods  we  need 
enlightenment.  Givens  and  Cohen^  have  reported  an  experimental 
study  of  dried  cabbage.  This  work  on  dried  vegetables  we  have 
continued  at  the  request  of  the  Division  of  Food  and  Nutrition, 
Medical  Department,  U.  S.  Army.  It  is  of  great  importance  to 
have  all  possible  information  concerning  foods  accessible  for  in- 
corporation into  the  dietary  of  our  soldiers  and  civilians. 

There  has  been  a  difference  of  opinion  as  to  the  existence  of  a 
third  type  of  vitamme,  one  protecting  against  scurvy.  From 
the  work  of  Hoist  and  FroUch,^  Chick  and  Hume,^  Hess  and  lin- 
ger,* Harden  and  Zilva,*  Cohen  and  Mendel,'  and  Givens  and 

*  A  preliminary  report  of  this  work  was  given  at  the  meeting  of  the 
Society  for  Experimental  Biology  and  Medicine,  Oct.  16,  1918. 

^  Givens,  M.  H.,  and  Cohen,  B.,  J.  Biol.  Chem.,  1918,  xxxvi,  127. 
«  Hoist,  A.,  and  Frolich,  T.,  Z.  Hyg.,  1912,  Ixxii,  1;  1913,  Ixxv,  334. 

*  Chick,  H.,  and  Hume,  M.,  Tr.  Soc.  Trop.  Med.  and  Hyg.,  191G-17,  x, 
141. 

*  Hess,  A.  F.,  and  Unger,  L.  J.,  J.  Biol.  Chem.,  1918,  xxxv,  479,  487. 

»  Harden,  A.,  and  Zilva,  S.  S.,  J.  Inst.  Brewing,  1918,  xxiv,  197;  Biochem. 
J.,  1918,  xii,  93. 

••Cohen,  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chem.,  1918,  xxxv,  425. 
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Cohen,'  there  is  evidence  of  the  presence  in  certain  foods  of  some 
substance  which  behaves  Hke  a  vitamine  by  affording  protection 
against  experimental  scurvy  in  the  guinea  pig. 

It  is  widely  recognized  that  scurvy  can  be  prevented  or  cured 
by  the  consumption  of  fresh  vegetables.  To  locate  citations 
directing  the  use  of  specific  vegetables  and  experimental  evidence 
for  that  use  is  another  question.  We  are  able  to  find  only  one 
direct  statement  bearing  on  the  use  of  raw  tomatoes  as  anti- 
scorbutic material.  Munson^  states  that  "the  raw  potato,  onion, 
and  tomato  are  especially  valuable''  in  the  prophylaxis  of  scurvy. 
The  tomato  has  long  enjoyed  the  status  of  an  unessential  acce^ 
sory  article  of  diet,  its  value  being  attributed  to  its  flavor.  That 
it  can  play  the  role  of  an  essential  accessory  in  preventing  the 
development  of  scurv>',  .we  believe  the  following  experiments  will 
show. 

There  has  not  been  an  extensive  use  of  dried  vegetables  as  anti- 
scorbutic agents.  Presumably  the  reasons  for  this  ara  twofold. 
In  the  first  place,  until  lately  only  a  few  dehydrated  foods  for 
human  consumption  have  been  on  the  market.  Secondly,  not- 
withstanding propaganda  to  stimulate  the  use  of  desiccated 
foods,  particularly  green  stuffs,  there  has  been  offered  very  little 
scientific  evidence  guaranteeing  the  presence  in  the  dried  mate- 
rials of  the  original  properties  of  the  raw.  In  fact,  the  majority 
of  such  evidence  which  has  been  offered  regarding  the  antiscor- 
butic potency  of  dried  foods  has  been  of  a  negative  character.*-  * 
If  it  can  be  physiologically  demonstrated  that  desiccated  foods  re- 
tain all  their  original  properties,  then  the  case  of  preservation  by 
dehydration  is  complete  and  justified. 

Hoist  and  Frolich,^  and  Chick  and  Hume'  found  dried  vege- 
tables more  or  less  deficient  in  the  antiscorbutic  property.  Re- 
cently Chickji  Hume,  and  Skelton'*  have  reported,  with  other  in- 
teresting data,  that  the  feeble  antiscorbutic  property  of  fresh 
milk  is  destroyed  either  by  dr>'ing  or  the  long  keeping  after 
drying.  Hess  and  Unger*  have  stated  that  "dehydrated  vege- 
tables were  found  to  contain  little  or  no  antiscorbutic  virtue." 

^  Munson,  E.  L.,  The  theory  and  practice  of  military  hygiene,  New  York, 
1901,  762. 

*  Chick,  H.,  Hume,  E.  M.,  and  Skelton,  R.  F.,  Biochem,  J.,  1918,  xii, 
131.  • 
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They  draw  this  conclusion  from  the  fact  that  in  certain  experunents 
guinea  pigs  were  not  protected  from  scurvy  by  eating  dried  car- 
'rots.  Stefdnsson^  alleges  that  "the  strongest  antiscorbutic  qual- 
ities reside  in  certain  fresh  foods  and  diminish  or  disappear  with 
storage  by  any  of  the  common  methods  of  preservation — canning, 
pickling,  drying,  etc.''  His  statement  is  based  upon  his  experience 
with  such  products  used  as  rations  for  men  on  polar  expeditions. 
Givens  and  CJohen^  have  reported  experiments  dealing  with  the 
influence  of  temperature  on  the  antiscorbutic  vitamine  in  the  dry- 
ing of  cabbage.  It  is  their  opinion,  as  regards  this  vegetable, 
that  the  degree  of  temperature  in  drying  is  the  factor  which 
determines  the  absence  or  presence  of  the  accessory  scurvy-pro- 
tecting substance.  Most  of  their  dried  material  was  used  within 
a  month  after  its  preparation,  consequently  no  evidence  was 
offered  as  to  the  effect  of  aging.  This  point  will  be  reported 
upon  in  the  future.  In  the  following  experiments  the  influence 
of  temperature  on  the  antiscorbutic  property  of  the  tomato  is 
shown.  The  selected  temperatures  at  which  the  drying  was 
carried  out  also  permit  certain  conclusions  regarding  the  effect  of 
length  of  time  of  drying.  The  problem  of  the  potato  is  more 
complicated  than  is  indicated  by  the  report  of  Givens  and 
Cohen,^  consequently  it  will  be  dealt  with  in  detail  in  a  future 
communication. 

Drier  and  Drying  of  Tomatoes, 

Because  of  the  lack  of  available,  accurate  information  on  the 
best  mode  and  temperature  for  drying  foods,  we  constructed  a 
special  apparatus.^®  Accordingly  a  drier  has  been  manufactured 
which  permits  us  to  control  the  temperature  within  5°  or  less,  at 
all  times.  The  volume  of  air  is  always  the  same.  The  humidity 
of  the  entering  air  depends  on  atmospheric  conditions.  How- 
ever, the  ingoing  air  cai^  be  dried  if  such  a  procedure  appears 
necessary. 

The  apparatus  is  made  of  galvanized  metal  and  is  covered  with 
asbestos.     In  the  sides  are  drawers,  having  framework  only  for 

•  Stefdnsson,  V.,  J.  Am.  Med.  Assn.j  1918,  Ixxi,  1715. 
*•  Our  thanks  are  due  Mr.  J.  F.  Barker,  President  of  Mechanics  Insti- 
tute, Rochester,  for  designing  and  directing  the  construction  of  the  drier. 
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their  sides  and  with  the  bottoms  made  of  wire  netting,  J  inch 
mesh.  Drawers  so  constructed  permit  a  free  circulation  of  air 
through  all  parts.     In  the  front  end  of  the  machine  is  located  a 

12  inch  fan.  Midway  between  the  fan  and  the  first  section  of 
drawers  a  number  of  electric  heating  coils  are  placed.  The  en- 
tering air  is  thus  heated  before  it  strikes  the  first  section  of  drawers. 
After  each  section  of  drawers  there  are  supplementary  electric  coils. 
These  coils  bring  the  moving  air,  which  has  been  slightly  cooled 
as  it  passed  over  the  first  section,  up  to  its  former  temperature. 
A  thermostat  controls  the  heating  current.  The  temperature  of 
each  drawer  can  be  determined  at  any  time  by  the  two  thermome- 
ters inserted.    The  details  of  the  drier  are  shown  in  Fig.  1. 

Tomatoes  dried  at  two  ranges  of  temperature  have  been  used; 
"low-dried,"  35-40°C.,  and  ''high-dried,"  55-60°C.  The  maxi- 
mum and  minimmn  times  of  drying  for  the  ''low-dried"  tomatoes 
were  52  and  35  hours  respectively;  for  the  "high-dried,"  26  and 

13  hours  respectively.  The  variations  in  the  time  of  drying  are 
caused  partly  by  the  difference  in  water  content  of  various  samples 
of  tomato  and  partly  by  the  variable  moisture  content  of  the  air. 
None  of  the  tomatoes  were  dried  without  interruption.  The 
process  had  to  be  stopped  at  the  end  of  each  day  and  was  taken 
up  on  the  next." 

The  tomatoes  were  wiped  clean  with  a  cloth,  stems  removed, 
and  bad  spots,  if  any,  excised.  They  were  then  cut  into  pieces 
shaped  like  a  pyramid,  the  skin  forming  the  base,  and  placed  so  on 
the  mesh  bottom  drawers  of  the  drier.  A  slight  amount  of  juice 
was  lost  in  the  cutting,  but  since  the  operation  was  done  in  pans, 
the  juice  was  weighed,  and  corresponding  corrections  made  for 
the  percentage  of  the  dried  product  in  terms  of  the  raw.  The 
tomatoes  were  kept  in  the  drier  imtil  there  was  no  further 
loss  in  weight  in  the  course  of  an  hour's  drying.  The  dried 
products  were  kept  in  ordinary  glass-capped,  rubber-ringed  pre- 
serving jars.  Details  concerning  the  dehydrated  products,  with 
the  time  elapsing  between  drying  and  using,  are  given  in  Table  I. 

The  high-dried  product  differed  from  the  low-dried  in  that  it 
was  subjected  to  20°C.  higher  temperature  and  the  time  of  drying 

1^  We  are*  indebted  to  Misses  Van  Home  and  Venor,  of  Mechanics  In- 
stitute, for  drying  under  our  direction  the  materials  used  in  these 
experiments. 
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reduced.  Also  it  contained  slightly  less  water.  All  samples  of 
dried  tomatoes  were  fed  as  such,  the  daily  allowance  of  this  sup- 
plement being  1  gm.  per  animal.  The  animals  ate  greedily  this 
allotment. 

Raw  tomatoes  were  always  given  in  the  amount  of  10  gm.  per 
animal  per  day.  They  were  wiped  off  with  a  damp  cloth  and  sliced 
so  that  each  animal  received  approximately  the  same  proportion  of 
skin,  pulp,  and  seed.     Guinea  pigs  reUsh  raw  tomatoes. 

TABLE  1. 


Lot  No. 


Sample  No. 


Date  dried. 


Date  started 
using. 


Date 

finished 

using. 


Duration  of 
drying. 


Per  cent 

of  original 

weight. 


Low-dried  tomatoes,  35-40°C. 


1918 

1918 

1918 

hn. 

XXIII 

1.2 

Aug.    15 

Aug.    21 

Sept.  13 

36i. 

6-7 

31 

1 

"       23 

Sept.  13 

O^t.      3 

35? 

6.5 

34 

2 

"       29 

Oct.      4 

"       16 

38} 

7.3 

31 

2 

"       23 

"       17 

"       29 

35i 

6.7 

37 

1 

"       30 

"       29 

Nov.     7 

42i 

7.5 

34 

3 

"       29 

Nov.     8 

"       18 

38* 

7.3 

• 

High-dried  tomatoes,  55-60°C. 


XVIII 

2 

July    31 

Aug.      1 

Aug.    24 

23 

6.5 

1 

"       31 

"   •    25 

Sept.  25 

23 

6.5 

XX 

1 

Aug.     3 

Sept.  26 

Oct.     12 

14 

6.5 

2 

3 

Oct.     13 

"       26 

14 

6.5 

XI 

1 

7 

u       27 

Nov.     1 

m 

7.1 

XXII 

8 

Nov.     2 

5 

* 

14 

7.2 

38 

3 

Sept.  12 

6 

"       16 

24} 

6.8 

39 

1 

"       13 

17 

"       18 

25} 

7.3 

Diet. 

The  basal  diet  was  a  dried  product  containing  soy  bean  flour, 
milk,  yeast,  paper  pulp,  sodimn  chloride,  and  calcium  lactate. 
It  was  made  according  to  the  directions  given  by  Givens  and 
Cohen.i  In  certain  cases  more  of  the  heated  soy  flour  has  been 
added  to  the  diet;  the  specific  instances  are  noted  in  Table  II. 

In  the  light  of  our  present  knowledge  of  the  so  called  biological 
properties  of  foods,  based  on  experiments  conducted  on  the  rat, 
the  diet  of  oats  alone  used  to  produce  scurvy  in  guinea  pigs  can 
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be  criticised.  McCollum  and  Pitz^^  allege  that  oats  are  deficient 
in  adequate  proteins,  inorganic  salts,  and  their  fat-soluble  A. 
If  we  accept  their  standard  for  a  complete  diet,  then  the  experi- 
ments of  Cohen  and  Mendel,'  of  Givens*  and  Cohcn,^  and  the 
present  work,  on  scurvy  produced  experimentally  in  the  giiinea 
pig  on  a  soy  bean  mixture,  are  the  only  ones  in  which  the 
diet  was  complete.  This  diet  contains  adequate  pcotein,  suffi- 
cient fat,  carbohydrates,  and  inorganic  salts,  and  a  liberal 
supply  of  fat-  and  water-soluble  vitamines.  This  statement  is 
based  on  the  fact  that  Givens  and  Cohen  were  able  to  induce 
normal  growth  in  rats  supplied  this  diet  ad  libitum.  However, 
these  experiments  are  open  to  the  criticism  that  in  supplying 
the  diet  ad  libitum  to  the  rats,  they  obtained  more  of  the  vita- 
mines  than  would  have  been  the  case  if  the  food  intake  had  been 
limited  as  it  was  with  the  guinea  pigs.  That  such  a  criticism  is 
not  vaUd  we  believe  from  the  following  experiments  conducted 
on  pigeons. 

Two  pigeons  have  been  fed  on  the  same  basal  soy  cake  mixture 
which  produces  scurvy  in  the  guinea  pig.  Their  daily  supply  of 
this  food  has  been  limited  to  the  same  weighed  amount  received 
daily  by  the  guinea  pigs.  The  actual  daily  intake,  unless  other- 
wise noted,  of  the  guinea  pigs  and  the  birds  was  approximately 
11.1  gm.  of  soy  flour^  14.0  cc.  of  whole  milk,  0.44  gm.  of  dried 
yeast,  1.1  gm.  of  filter  paper,  0.44  gm.  of  calcium  lactate,  and 
0.44  gm.  of  sodium  chloride.  The  birds  ate  very  little  of  the 
food  mixture  at  the  beginning  of  the  experiment.  Beginning 
with  the  16th  day  and  continuously  since,  they  have  consumed  all 
the  food  allotted  per  day.  These  birds  are  now  perfectly  healthy 
after  receiving  the  soy  cake  mixture  for  105  days  (Fig.  2).  They 
have  never  shown  any  signs  of  polyneuritis.  That  they  should 
drop  in  weight  at  first  and  not  regain  at  once  their  initial  weight 
was  to  be  expected  when  they  did  not  eat,  and  when  the  nutrients 
fed  were  limited  and  no  doubt  insufficient  in  amount  to  meet 
their  metabolic  requirements.  However,  the  experiments  con- 
firm the  results  obtained  on  feeding  the  soy  cake  mixture  to  rats, 
in  that  they  demonstrate  conclusively  that  the  soy  cake  mixture 
contains  a  sufficient  amount  of  the  water-soluble  vitamine  to 

"  McCollum,  E.  v.,  and  Pitz,  W.,  J.  Biol.  Chem.,  1917,  xxxi,  229. 
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prevent  polyneuritis  in  the  pigeon — a  species  particularly  sus- 
ceptible to  this  disease.  That  the  diet  contains  enough  of  the 
fatHSoluble  vitamine  also  we  believe  has  been  demonstrated  by 
the  work  of  Cohen  and  Mendel  and  of  Givens  and  Cohen.  This 
assutnption  is  further  supported  by  the  results  reported  by  Os- 
borne and  Mendel"  and  by  Daniels  and  Nichols.'*  In  the  soy 
cake  mixture  used  in  these  experiments,  the  amount  of  fat-soluble 
vitamine  in  the  soy  flour  has  been  augmented  by  the  addition  of 
whole  milk.  Bulk  in  the  diet  has  been  provided  in  the  form  of 
paper  pulp.  The  inorganic  constituents  have  been  supplemented 
by  the  addition  of  sodium  chloride  and  calcium  lactate.  In  the 
light  of  the  present  available  evidence,  we  feel  justified  in  con- 
cluding that  the  diet  used  to  produce  scurvy  in  guinea  pigs  in 
these  experiments  is  adequate  in  every  respect,  with  the  one  ex- 
ception of  being  deficient  in  a  vitamine  protecting  against  scurvy. 
Such  a  diet  removes  the  possibility  of  the  influence  of  any  de- 
ficiencies other  than  the  antiscurvy  vitamine. 

General  Procedure  and  Methods. 

All  the  guinea  pigs  used  were  young  ones.  In  general  we  tried 
to  obtain  them  at  about  8  weeks  of  age.  They  were  the  offspring 
of  strong,  healthy  stock.  Reliable  parties  conducted  the  breeding 
and  rearing  of  the  animals  and  kept  us  informed  regarding  the 
manner  in  which  they  were  handled.  The  food  consmned  by 
the  guinea  pigs  prior  to  starting  the  experimental  diet  was  varied, 
and  contained  plenty  of  green  foods.  We  mention  these  facts 
because  a  properly  reared  animal  is  much  stronger  and  more 
healthy  than  one  treated  in  a  haphazard  way. 

When  an  experiment  was  started,  each  animal  was  placed  in  a 
separate  metal  cage  and  kept  there  alone  at  all  times.  Once 
daily,  weighed  amounts  of  food  were  supplied  in  individual  cups. 
Tap  water  was  give  ad  Ubitu7n,  The  animals  were  examined 
every  day  and  weighed  every  other  day.  In  this  way  the  first 
appearance  of  the  specific  symptoms  of  scurvy  were  noted. 

Autopsies  were  performed  as  early  as  possible  after  death. 
Animals  in  a  moribund  condition  were  usually  anesthetized  and 

"  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chem.,  1917,  xxxii,  369. 
"  Daniels,  A.  L.,  and  Nichols,  N.  B.,  J.  Biol.  Chem.,  1917,  xxxii,  91. 
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examined  at  once.  A  decision  of  scurvy  was  based  upon  clinical 
manifestations  and  the  usual  autopsy  findings  (Givens  and  Ck)hen/ 
Chick,  Hume,  and  Skelton*).  Of  course,  when  curative  measures 
were  instituted  and  the  animal  saved,  scurvy  was  diagnosed  from 
the  usual  external  symptoms  and  that  diagnosis  confirmed  by 
autopsies  on  control  animals.  The  results  are  shown  in  Table  II 
and  Figs.  3  to  6. 

Results. 

For  control  experiments  on  the  soy  cake  mixture  and  this  mix- 
ture plus  a  small  supplement  of  green  food,  as  cabbage,  reference 
is  made  to  the  charts  of  Givens  and  Cohen.  These  workers  found 
that  guinea  pigs  on  the  soy  cake  mixture  alone  regularly  devel- 
oped scurvy  and  succumbed  in  16  to  26  days  unless  curative 
measures  were  instituted.. 

Experiments  with  Raw  and  Dried  Tomatoes, 

In  the  present  experiments  raw  tomatoes  have  been  used  both 
as  a  preventive  and  curative  agent  in  experimental  scurvy  of  the 
guinea  pig.  Group  1  (Table  II  and  Fig.  3)  demonstrates  con- 
clusively that  a  daily  supplement  of  10  gm.  of  raw  tomatoes  will 
aflFord  a  guinea  pig  protection  against  scurvy  when  that  animal 
is  on  a  diet  known  to  produce  the  disease  in  this  species.  These 
animals  have  grown  and  been  maintained  in  apparently  perfect 
health  for  a  period  of  110  days.  If  the  (Supplement  of  raw  to- 
matoes had  not  been  given,  these  animals,  as  has  been  proved, 
would  have  died  of  scurvy  in  16  to  26  days.  That  the  tomato 
will  serve  equally  well  as  a  curative  is  shown  by  Group  2  (Table  II 
and  Fig.  4).  These  animals  developed  signs  of  scurvy  in  18  to 
19  days.  After  a  few  days,  each  guinea  pig  was  fed  daily  a  sup- 
plement of  10  gm.  of  raw  tomatoes.  They  responded  to  the  treat- 
ment in  a  few  days,  became  lively,  their  symptoms  of  scurvy 
gradually  disappeared,  and  they  began  to  increase  in  weight. 
They  are  now,  at  100  days,  large,  healthy  animals.  In  Guinea 
Pig  227  (Fig.  3),  which  died  on  the  31st  day  of  the  experiment, 
no  macroscopic  signs  of  scurvy  were  present. 

Group  3  (Table  II  and  Fig.  5)  represents  a  series  of  experiments 
which  demonstrate  that  tomatoes  dried  at  a  low  temperature 
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(36-40**C.)  retain  some  of  the  original  antiscorbutic  potency  of 
the  raw  tomato.  A  supplement  of  1  gm.  daily  of  this  dried  ma- 
terial has  been  effective  in  protecting  these  animals  for  92  days. 
Group  4  (Table  II  and  Fig.  6)  shows  that  tomatoes  dried  at  a 
temperature  of  55-60°C.  also  retain  some  of  the  antiscorbutic 
vitamine.  A  daily  supplement  of  1  gm.  of  this  material  has 
afforded  these  animals  protection  against  scurvy  for  110  days. 

DISCUSSION. 

It  has  been  established  that  a  diet  apparently  adequate  for  the 
rat  and  the  pigeon  will  produce  scurvy  in  the  guinea  pig.  If 
this  diet  is  supplemented  with  a  daily  allowance  of  10  gm.  of  rJ^w 
tomatoes,  no  signs  of  scurvy  will  develop  in  the  latter  species. 
This  property  of  raw  tomato  is  also  effective  as  a  curative  agent, 
yielding  results  similar  to  those  obtained  with  raw  orange  juice. 
Therefore  it  seems  demonstrated  that  the  tomato  may  be  con- 
sidered to  contain  some  of  the  essential  dietary  accessory  substance. 

Any  discussion  of  the  results  obtained  with  dried  tomatoes 
must  be  governed  by  the  experimental  procedures  employed. 
Only  one  kind  of  drying  has  been  employed-^hot  air.  The  tem- 
peratures at  which  the  products  were  dried  differed  by  a  range  of 
20°C.,  consequently  there  is  a  difference  in  the  duration  of  drying. 
It  might  be  conceived  that  a  longer  duration  of  drying  at  a  low 
temperature  was  more  destructive  than  a  short  duration  at  a 
high  temperature.  No  light  is  thrown  upon  this  point  in  the  pres- 
ent experiments  because  it  has  not  been  established  what  mini- 
mum amount  is  necessary  of  either  the  low-  or  high-dried  mate- 
rials barely  to  protect  a  guinea  pig  against  scurvy. 

The  dried  products  used  here  permit  of  some  consideration  of 
the  possible  influence  of  aging.  The  low-dried  tomatoes  were 
still  effective  as  antiscorbutic  agents  80  days  after  drying;  the 
high-dried,  90  days.  This  fact,  however,  does  not  preclude  the 
possibility  of  some  destruction  or  spontaneous  disintegration  of 
the  antiscorbutic  vitamine.  Until  there  has  been  worked  out  a 
method  for  determining  quantitatively  the  amount  of  this  vita- 
mine in  a  food,  little  that  is  definite  can  be  said  regarding  the  effect 
of  aging  in  a  dried  product  which  retains  some  of  its  antiscurvy 
vitamine.     It  might  be  assumed  that  there  was  contained  in  1 
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gm.  of  the  dried  tomatoes  an  excess  of  the  accessory  above  the 
amount  necessary  to  protect  the  given  body  weight  of  animals 
used.  Then  this  excess  could  have  been  destroyed  in  the  aging 
and  still  we  should  have  encountered  no  signs  of  scurvy.  At  any 
rate  it  is  logical  to  conclude  that  tomatoes  dried  in  the  manner 
here  described  retain  some  of  their  antiscorbutic  potency  after 
storage  of  3  months. 

Pitz*^  has  offered  experiments  to  show  that  sodium  chloride 
and  calcium  lactate  afforded  guinea  pigs  some  protection  against 
scurvy,  and  therefore  delayed  the  appearance  of  scorbutic  signs. 
Our  basal  diet  contained  more  of  both  of  these  salts  than  the  one 
he  used.  We  obtained  scur\y  in  our  animals  in  a  very  short 
time,  indicating  no  favorable  influence  of  the  salts  when  present 
in  the  soy  flour-milk-yeast-paper  mixture.  However,  we  concur 
in  the  opinion  expressed  by  Hess  and  linger  that  it  is  impossible 
to  interpret  contradictory  results  when  dissimilar  basal  dietaries 
are  used.  The  results  with  low-dried  tomatoes  confirm  those  ob- 
tained by  Givens  and  Cohen  with  cabbage  dried  at  a  low^  tem- 
perature. No  comparison  can  be  made  between  the  findings 
with  high-dried  cabbage  and  high-dried  tomatoes.  The  former 
were  dehydrated  at  a  higher  temperature  and  were  subjected  to  a 
different  kind  of  heat;  viz.,  moist  heat.  Hoist  and  Frolich  report 
that  the  antiscorbutic  substance  in  food  is  very  easily  destrojred 
by  high  temperatures  with  moisture  present. 

SUMMARY. 

Experiments  have  been  carried  out  which  show  that  the  raw 
fresh  tomato  is  a  very  eflficient  antiscorbutic  agent.  A  small 
daily  addition  of  this  substance  to  a  diet  knoi^Ti  to  produce 
scun-^'  in  guinea  pigs  maintained  these  animals  in  apparently 
perfect  health.  It  is  here  demonstrated  that  raw  fresh  tomatoes 
dried  in  a  blast  of  air  at  either  a  low  temperature  (35-40°C.)  or  a 
high  temperature  (55-60°C.)  retain  a  significant  amount  of  their 
antiscorbutic  potency.  It  is  possible  that  the  drying  at  either 
temperature  may  destroy  some  of  the  antiscorbutic  vitamine 
but  to  what  degree  cannot  \ye  stated  yet.  A  daily  supplement 
of  1  gm.  of  raw  dried  tomatoes  protected  guinea  pigs  from 
experimental  scur\y. 

»  Pitz.  W..  J.  Biol.  Chcm.,  1918,  xxxvi.  439. 
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These  experiments  lend  confirmation  to  the  results  of  Chick, 
Hume,  and  Skelton  who  believe  "that  guinea-pig  scurvy  is  due 
to  the  deficiency  in  the  diet  of  a  specific  accessory  substance.'' 
They  support  the  contention  of  Cohen  and  Mendel  that  roughage, 
as  it  affects  the  texture  of  the  diet,  is  not  the  determining  factor. 


400 


350 


300 


850 


800 

Fig.  2.  Curves  of  body  weights^of  two  pigeons  fed  on  the  basal  scurvy- 
producing  diet.  The  curve  of  Pigeon  B  is  moved  50  gm.  above  actual 
weights  to  keep  it  from  cutting  the  other  curve.  From  the  10th  day  on 
the  birds  were  supplied  with  sand  and  gravel  (Sd).  At  first  the  pigeons 
did  not  eat  all  of  the  soy  cake  mixture.  HBy  the  16th  day  they  had  ac- 
quired a  taste  for  it.  From  this  time  until  the  75th  day  they  received  the 
same  limited  amount  of  it  (L)  as  fed  to  the  guinea  pigs.  From  the  75th 
day  on  the  daily  intake  was  supplemented  (Sf)  with  5  gm.  of  heated  soy 
bean  flour.  Their  response  to  the  increased  food  was  immediate.  These 
curves  show  tl^at  the  diet  which  produces  scurvy  in  the  guinea  pig  is  ade- 
quate for  the  pigeon  and  therefore  contains  enough  of  the  water-soluble 
viiamine  to  prevent  polyneuritis. 
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Fi(].  3.  Group  1.  The  guinea  pigB  in  this  group  received  daily  a  limited 
amount  of  the  8oy  cake  mixture  and  10  gm.  of  raw  fresh  tomatoes.  Ani- 
mal 2*27  died  after  30  days,  showing  at  autopsy  no  macroscopic  signs  of 
scurvy.  At  the  end  of  50  days  Animals  228  and  229  had  apparently  reached 
a  body  weight  which  could  only  be  maintained  and  not  increased  by  the 
limited  food  intake.  To  be  sure  that  it  was  not  the  appearance  of  scurvy, 
no  alterations  in  the  diet  wore  made  until  the  82nd  day.  At  this  time  an 
addition  of  «">  gm.  of  soy  bean  flour  (Sf )  heated  at  20  pounds  pressure  for  90 
minutoH  wiia  made  to  the  diet.  The  response  to  this  increased  food  in- 
take WHH  immediate.  In  the  case  of  Animal  239  the  heated  soy  flour  (Sf) 
WrtH  luldod  on  the  62nd  day  and  there  was  likewise  a  prompt  growth  re- 
Hponne.  Those  ex|M»riments  show  that  the  raw  fresh  tomato  is  a  strong 
nntisoorbutic  agent. 
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Fio.  4.  Group  2.  These  experiments  demonstrate  that  the  raw  tomato 
is  equally  effective  as  a  curative  or  a  preventive  agent.  Animal  237  on 
the  soy  cake  mixture  alone  showed  definite  signs  of  scurvy  on  the  19th 
day.  Beginning  with  the  20th  day  it  received  a  daily  supplement  of  10 
gm.  of  raw  tomatoes.  Animal  238  on  the  basal  scurvy-producing  diet  de- 
veloped positive  symptoms  of  scurvy  on  the  15th  day.  From  the  20th 
day  on  it  received  a  daily  addition  of  10  gm.  of  raw  tomatoes.  *  Both  guinea 
pigs  responded  promptly  to  the  dietary  change,  becoming  lively,  eating 
better,  and  increasing  in  weight. .  The  appearance  of  the  first  signs  of 
scurvy,  swollen  and  tender  joints,  is  noted  in  the  chart  at  S. 
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Fig.  5.  Group  3.  This  group  shows  the  antiscorbutic  value  of  tomatoes 
dried  at  a  low  temperature  (35-40®C.).  A  daily  supplement  of  1  gm.  of  this 
dried  raw  material  uncooked  has  protected  three  of  the  guinea  pigs  dur- 
ing 94  days.  That  the  limited  food  intake  is  not  sufficient  for  their  present 
body  weight  is  indicated  by  the  way  two  of  them  are  just  maintaining 
their  weight.  Animal  240  died  on  the  74th  day  as  a  result  of  an  anatomical 
anomaly.  It  showed  at  autopsy  no  macroscopic  signs  of  scurvy.  Animal 
242  died  on  the  72nd  day  from  an  unknown  cause,  showing  no  indication  of 
scurvy. 
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Fig.  6.  Group  4.  This  series  demonstrates  that  raw  tomatoes  dried  at  a 
comparatively  high  temperature  still  retain  a  significant  amount  of  the 
antiscorbutic  substance.  A  daily  supplement  of  1  gm.  of  high-dried 
(55-60''C.)  tomatoes  has  protected  these  guinea  pigs  against  scurvy  for  110 
days, — a  period  four  to  seven  times  as  long  as  that  in  which  scurvy  would 
have  developed  in  the  absence  of  the  supplement.  It  became  evident  after 
60  days  that  the  animals  were  not  receiving  enough  food  to  meet  their  re- 
quirements. On  the  82nd  day  5  gm.  of  heated  soy  flour  (Sf)  were  added 
daily  to  the  food  intake.  The  immediate  response  is  shown  by  gain  in 
weight. 
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By  LEROY  S.  palmer  and  ROBERT  G.  SCOTT. 
{From  the  Dairy  Chemistry  Laboratory,  University  of  Missouri ,  Columbia,) 

(Received  for  publication,  September  13,  1918.) 

INTRODUCTION. 

fioth  qualitative  and  quantitative  investigations  regarding  the 
proteins  of  cow's  milk  based  on  what  may  be  called  a  mechanical 
separation  of  the  several  constituents  date  back  a  number  of 
years.  With  the  exception  of  Hoppe-Seyler,^  who  used  an  animal 
membrane,  all  the  workers  in  this  field  have  made  use  of  porous 
clay  in  some  form. 

Herman  Helmholz  had  his  pupU  Zahn'  construct  a  filter  out  of  a  porous 
porcelain  cylinder,  and  this  form  of  apparatus  was  also  used  by  Kehrer.' 
Hermann^  modified  Zahn's  method  and  used  powdered  porous  plate  to 
adsorb  the  casein.  Tiemann,*  however,  several  years  later  made  extensive 
use  of  a  method  devised  by  Lehmann,*  in  which  the  mUk  was  placed  upon  a 
slightly  concave,  porous  plate,  whose  surface  had  been  polished  with  agate. 
After  standing  for  H  to  2  hours,  the  unadsorbed  part,  consisting  of  casein 
and  fat,  was  scraped  of!  and  weighed.  Tiemann  applied  this  method  es- 
pecially to  the  study  of  the  proteins  of  colostrimi  milk.  Camerer  and 
Sdldner,^  however,  have  criticized  Tiemann's  method  of  analysis  on  the 
ground  of  the  probable  lack  of  uniformity  of  clay  filters  and  also  because 
they  do  not  regard  the  casein  to  be  completely  retained  on  the  porous 
plate. 

*  Published  by  permission  of  the  Director  of  the  Missouri  Agricultural 
Experiment  Station. 

*  Hoppe-Seyler,  F.,  Virchows  Arch,  path,  Anat.,  1859,  xvii,  421-423. 
« Zahn,  F.  W.,  Arch,  ges,  Physiol.,  1869,  ii,  598. 

» Kehrer,  F.  A.,  Arch.  Gyndk.,  1871,  ii,  5  (cited  by  Schlossmann*^). 

*  Hermann,  L.,  Arch,  ges,  Physiol.,  1881,  xxvi,  442. 

*  Tiemann,  H.,  Z.  physiol.  Chem,,  1898,  xxv,  363. 

*  Hempel,  W.,  Arch,  ges,  Physiol,,  1894,  Ivi,  558. 
^  Camerer  and  Soldner,  Z,  Biol.,  1898,  xxxvi,  277. 
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Van  Slyke  and  Bosworth^  have  recently  made  use  of  what  they  regard 
as  a  much  superior  form  of  apparatus  for  mechanically  separating  the  con- 
stituents of  milk,  by  means  of  which  they  hoped  to  ascertain  the  true 
state  of  the  proteins  and  salts  in  milk.  For  this  purpose  they  used  a  special 
form  of  Briggs'*  filtering  apparatus,  designed  to  obtain  water  extracts 
^rom  soils.    Van  Slyke  and  Bosworth  describe  the  procedure  as  follows: 

"The  process  consists  in  putting  the  milk  to  be  examined  into  a  tubular 
chamber  surrounding  a  Pasteur-Chamberland  filtering  tube;  pressure, 
amounting  to  40  to  45  pounds  per  square  inch,  is  applied  by  means  of  a 
pump  which  forces  air  into  the  chamber  containing  the  milk  and  causes 
the  soluble  portion  of  the  milk  to  pass  through  the  walls  of  the  filter  from 
the  outside  to  the  inside  of  the  filtering  tube,  from  which  it  runs  out  and 
is  caught  in  a  flask  standing  underneath.'' 

The  portion  of  Van  Slyke  and  Bosworth's  study  of  cow's  milk 
which  particularly  attracted  our  attention  and  caused  us  to  cany 
out  the  experiments  presented  in  this  paper  was  the  conclusion 
that  the  albimiin  of  cow's  milk  is  partly  in  true  solution  and 
partly  in  suspension,  the  suspended  portion  being  adsorbed  by 
the  casein  when  the  milk  is  fresh  but  passing  over  into  true  solu- 
tion when  the  milk  sours  or  when  formaldehyde  is  added  to  pre- 
vent bacterial  developmeiit.  These  statements  have  been  ac- 
cepted as  facts  by  certain  authors.^® 

Our  study  of  this  question,  both  from  a  theoretical  and  from 
an  experimental  point  of  view  has  failed  to  lead  to  a  confirmation 
of  Van  Slyke  and  Bosworth's  conclusions  regarding  the  condition 
of  albumin  in  cow's  milk.  Our  work  did  not  have  to  do  with  the 
state  of  casein  in  milk,  as  the  evidence  which  has  already  accumu- 
lated warrants  the  conclusion  that  it  is  present  in  fresh  milk 
wholly  in  a  colloidal  state.  Its  degree  of  dispersion  is,  more- 
over, relatively  coarse,  inasmuch  as  cow's  milk  owes  its  familiar 
"milky  white"  appearance  almost  wholly  to  casein. 

On  the  other  hand,  we  feel  justified  in  asserting  that  the  filtra- 
tion of  lactalbimiin  through  a  particular  Pasteur-Chamberland 
filtering  tube,  or  its  failure  to  do  so  is  not  the  proper  criterion 
by  which  to  judge  whether  it  is  in  a  colloidal  or  true  state  of 

*  Van  Slyke,  L.  L.,  and  Bosworth,  A.  W.,  N.  Y.  Agric.  Exp.  Sia.,  Tech- 
nical Bull.  S9,  1914;  /.  Biol.  Chem.,  1915,  xx,  136. 

»  Briggs,  L.  J.,  U.  S.  Dept.  Agric,  Bureau  of  Soils,  Bull.  19,  1902,  31. 

^^  Hawk,  P.  B.,  Practical  physiological  chemistry,  Philadelphia,  5th 
edition,  1916,  313. 
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solution  in  milk.  Not  only  does  the  size  of  the  pores  of  the 
Pasteur-Chamberland  tube  vary,^^  but  the  size  of  the  lactal- 
bumin  particles  may  be  influenced  greatly  by  the  reagents  used 
to  preserve  the  milk.  The  "fresh"  milk  used  by  Van  Slyke  and 
Bosworth,  from  which  the  conclusion  was  drawn  that  the  albumin 
is  partly  in  colloidal  and  partly  in  true  solution,  was  in  reality 
milk  to  which  5  per  cent  chloroform  had  been  added. 

The  data  which  we  present  in  this  paper  show  conclusively 
that  the  Pasteur-Chamberland  filters  which  we  used  had  a  much 
finer  porosity  than  those  used  by  Van  Slyke  and  Bosworth.  We 
have  decided  to  publish  the  data  which  we  have  already  secured, 
since  all  our  attempts  to  secure  filters  of  any  other  make,  which 
will  fit  the  Briggs'  apparatus,  have  been  futile. 

We  have  also  made  some  study  of  another  phase  of  Van  Slyke 
and  Bosworth's^  filtration  studies  which  we  believe  offers  a  partial 
explanation,  at  least,  for  the  data  from  which  they  conclude 
that  "fresh''  milk  has  its  lactalbumin  partly  in  colloidal  and 
partly  in  true  solution.  As  already  pointed  out,  the  samples  of 
milk  which  they  regarded  as  "fresh"  were  preserved  by  the  ad- 
dition of  5  per  cent  chloroform.  The  quantitative  estimations 
of  lactalbumin  in  this  milk  and  in  the  serum  from  this  milk  which 
•passed  through  the  filter  were  made  by  the  heat-coagulation 
method.  The  point  which  we  studied  was  the  effect  of  allowing 
both  whole  milk  and  milk  free  from  casein  to  stand  in  the  pres- 
ence of  5  per  cent  chloroform  upon  this  method  of  determining 
lactalbumin. 

The  data  which  we  offer  on  this  phase  of  the  question  show 
very  clearly  that  chloroform  left  in  contact  with  either  whole 
milk  or  diluted  milk  serum  causes  a  marked  reduction  in  the 
amount  of  albumin  recoverable  by  heat  coagulation  when  com- 
pared with  the  same  milk  analyzed  fresh.  In  certain  cases  we 
found  this  difference  alone  to  be  sufficiently  great  to  account  for 
the  apparent  result  secured  by  Van  Slyke  and  Bosworth  that  a 
portion  of  the  albumin  is  in  true  and  a  part  in  colloidal  solution, 
assuming  that  the  filters  which  they  used  allowed  the  albumin 
particles  to  pass  into  the  filtrate. 

"  Ostwald,   W.,   An   introduction   to   theoretical   and  applied   colloid' 
chemistry,  New  York,  1917,  47. 
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EXPERIMENTAL. 

All  of  our  filtration  studies  were  made  using  fresh  milk  from 
the  University  of  Missouri  dairy  herd.  Skim  milk  only  was  used, 
the  fat  being  removed  by  running  the  whole  milk  at  least  twice 
through  a  closely  skimming  centrifugal  separator  at  higli  speed 
and  at  a  temperature  of  43-45°C.  In  no  case  was  it  possible  to 
detect  the  presence  of  fat  in  this  milk  by  the  Babcock  test,  using 
a  skim  milk  test  bottle. 

We  found  it  convenient  in  certain  of  our  work  to  make  com- 
parative studies  on  the  same  milk  at  the  same  time.  This  was 
accompUshed  by  connecting  two  of  the  Briggs'  filters  to  the 
source  of  pressure  by  a  T  tube.  A  well  charged  cylinder  of  oxy- 
gen was  used  as  the  source  of  pressure.  With  a  pressure  gauge 
in  the  system  and  good  connections  we  were  able  to  maintain  as 
much  pressure  as  the  apparatus  would  permit. 

No  attempt  was  made  to  recover  the  heat-coagulable  portion 
of  the  protein  in  the  filtrates  which  passed  through  the  Pasteur- 
Chamberland  tubes.  Whenever  it  was  desired  to  separate  the 
nitrogen  in  the  filtrates  into  protein  and  non-protein  portions, 
this  was  accomplished  by  the  addition  of  20  cc.  of  Almen's  tannic 
acid  reagent  to  10  cc.  of  the  filtrate,  after  the  addition  of  90  cc. 
of  water.  The  precipitates  which  formed  were  allowed  to  stand 
for  24  hours  before  being  filtered  oflf.  The  nitrogen  was  then 
determined  separately  in  the  precipitate  and  filtrate.  In  a  num- 
ber of  cases  no  separation  of  protein  from  non-protein  was  made, 
the  total  nitrogen  in  the  senun  being  determined  directly  on 
suitable  portions.  All  nitrogen  determinations  were  made  by 
the  Gunning  modification  of  the  Kjeldahl  method,  usmg  copper 
sulfate  as  catalyser. 

Van  Slyke  and  Bosworth^  assimied  in  their  work  that  the  serum 
passing  through  the  Pasteur-Chamberland  filters  attained  a  con- 
stant composition  after  the  first  50  to  75  cc.  had  passed  through. 
We  analyzed  each  of  the  successive  10  cc.  portions  of  the  filtrate 
from  the  first  until  at  least  100  cc.  of  serum  had  been  collected. 

The  Pasteur-Chamberland  tubes  which  we  used  were  obtained 
from  the  Central  Scientific  Company  of  Chicago. 

Experiment  1.  Comparison  of  Composition  of  FiUrate  Using 
CHCI3  and  HCHO  as  Preservatives. — 4  liters  of  fresh  whole  milk 
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were  run  through  a  centrifugal  separator  twice  at  45°C.,  the  crank 
being  turned  at  a  speed  of  75  r.p.m.  After  cooling  to  20°C., 
two  portions  of  the  skim  milk  of  1  liter  each  were  carefully- 
measured  out.  50  cc.  of  the  milk  from  one  sample  were  replaced 
by  an  equal  volume  of  chloroform,  and  1.26  cc.  of  the  other 
sample  by  an  equal  volume  of  40  per  cent  formaldehyde  solu- 
tion. The  two  samples  therefore  contained,  respectively,  5  per 
cent  chloroform  and  0.05  per  cent  formaldehyde.  A  third  por- 
tion of  the  skim  milk  was  subjected  to  immediate  analysis  for 
casein,  soluble  protein,  and  residual  non-protein  nitrogen,  the 
so  called  soluble  protein  being  precipitated  from  the  casein  fil- 
trate by  means  of  Almen's  tannic  acid  reagent.  The  preserved 
portions  of  the  milk  were  immediately  placed  in  the  filtering 
chambers  of  the  Briggs'  apparatus  and  a  pressure  of  three  to 
four  atmospheres  was  applied  continuously  until  100  cc.  of  serum 
were  obtained  from  the  sample  containing  formaldehyde  and 
120  cc.  from  the  sample  containing  chloroform.  A  little  over 
12  hours  were  required  for  the  collection  of  the  former,  the 
latter  requiring  nearly  24  hours  to  pass  through  the  filter. 

The  analysis  of  the  fresh  milk  is  shown  in  Table  I,  and  of  the 
successive  portions  of  the  serum  from  the  two  filters  in  Table  II, 
the  data  representing  the  net  results  after  deducting  the  neces- 
sary blanks  for  reagents,  and  calculating  them  to  100  cc.  of  milk. 

The  data  presented  in  Tables  I  and  II  show  that  the  Pasteur- 
Chamberland  tubes  which  we  used  held  back  a  great  deal  more 
of  the  nitrogenous  constituents  of  the  milk  than  those  used  by 
Van  Slyke  and  Bosworth.^  It  is  necessary  to  review  only  a  por- 
tion of  the  data  given  by  these  authors  to  show  how  widely  di- 
vergent our  results  are  from  theirs.  For  example,  the  lowest 
amount  of  "albumin"  nitrogen  which  they  recovered  from  the 
serum  amounted  to  0.0232  gm.  per  100  cc.  of  milk,  and  one  figure 
reported  shows  as  much  as  0.0578  gm.  of  "albimiin"  nitrogen  ob- 
tained from  the  serum  of  a  sample  of  milk  to  which  5  per  cent 
chloroform  had  been  added  as  preservative.  As  has  already 
been  pointed  out,  it  is  clear  from  an  experimerftal  point  of  view 
alone  that  the  Pasteur-Chamberland  filtering  tube,  or  for  that 
matter  any  other  type  of  porous  clay  filter,  is  not  the  proper 
criterion  by  which  to  judge  whether  the  nitrogenous  constituents 
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of  milk  other  than  casein  are  in  a  state  of  molecular  or  colloidal 
dispersion.     In  our  trials  we  apparently  did  not  even  succeed  in 

TABLE  I. 
Distribution  of  Nitrogen  in  100  Cc.  of  Fresh  Skim  Milk,  Experiment  1. 


Constituent. 

Nitrogen. 

Portion  1. 

Portion  2. 

Average. 

Casein* 

gm. 

0.3886 
0.1116 
0.0424 

gm. 

0.3893 
0.1138 
0.0388 

gm. 
0.3900 

Soluble  DFoteint 

0.1127 

Non-protein 

0.0406 

*  Casein  determined  by  official  method  of  Association  of  Official  Agri- 
cultural Chemists. 

t  Protein  precipitated  from  casein  filtrate  by  Almen's  reagent. 

TABLE  II. 

Comparative  Distribution  of  Nitrogen  in  100  Cc.  of  Serum  from  Pasteur- 

Chaviberland  Filter ,  Experiment  1. 


IICHO  sample. 

CHCls  sample. 

Sample  No. 

Protein 

N. 

Non-pro- 
tein N. 

Totol  N. 

Sample 
No. 

Protein 

N. 

Non-pro- 
tein W. 

Total  N. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

1 

0.0216 

1 

0.0269 

2 

0.0089 

0.0262 

0.0351 

2 

0.0080 

0.0252 

0.0336 

3 

0.0358 

3 

— 

0.0276 

4 

0.0382 

4 

0.0269 

5 

0.0144 

0.0268 

0.0412 

5 

0.0007 

0.0258 

0.0265 

6    . 

0.0336 

6 

0.0033 

0.0291 

0.0324 

7 

0.0291 

7t 

0.0282 

8 

0.0375 

9 

— 

0.0398 

10 

0.0415 

Average 

0.0116 

0.0270 

0.0378* 

0.0040 

0.0269 

0.0289 

*  Excepting  Sample  1. 

t  Sample  representing  70  to  120  cc.  portion  of  filtrate. 


recovering  in  the  serum  all  the  nitrogen  of  the  milk  which  cannot 
be  precipitated  by  tannic  acid,  about  35  per  cent  of  it  either 
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being  adsorbed  on  the  filter  or  existing  in  particles  too  large  to 
pass  through  the  pores. 

Our  data  do,  in  a  measure,  substantiate  one  observation  made 
by  Van  Slyke  and  Bosworth;  namely,  that  more  protein  nitrogen 
passes  through  the  filter  when  formaldehyde  is  used  as  a  preserva- 
tive than  when  chloroform  is  used.  Calculation  shows  that  only 
3.5  per  cent  of  the  so  called  soluble  proteins  of  the  milk  was  re- 
covered in  the  case  of  the  chloroformed  sample,  while  10.3 
per  cent  was  recovered  in  the  sample  containing  formaldehyde. 
The  latter  figure,  however,  is  far  short  of  the  92.21  per  cent  re- 
covery reported  by  Van  Slyke  and  Bosworth*  for  " albumin^'  in 
the  case  of  milk  containing  formaldehyde.  Data  to  be  presented 
in  a  later  experiment  offer  a  probable  explanation  of  the  fact 
that  chloroform  retards  the  filtration  of  protein  through  the 
Pasteur-Chamberland  filter.  It  will  be  shown  there  that  chloro- 
form when  left  in  contact  with  lactalbumin  solutions  causes  a 
partial  precipitation  of  this  protein. 

Another  interesting  point  emphasized  by  Van  Slyke  and  Bos- 
worth^- as  the  result  of  their  studies  is  that  sour  milk  contains 
all  the  lactalbumin  in  true  solution,  their  data  showing  that  100 
per  cent  recovery  of  "albumin"  is  obtained  from  the  serum  of 
sour  milk  filtered  through  the  Pasteur-Chamberland  filter. 

Experiment  2  was  designed  to  test  this  point  using  our  Pasteur- 
Chamberland  filters. 

Experiment  2.  Comparison  of  Composition  of  Filtrates  from 
Milk  Containing  No  Preservative  with  Serum  from  Milk  Whose 
Casein  Has  Been  Removed  by  Lactic  Acid, — Several  liters  of  fresh 
milk  were  separated  twice  in  a  centrifugal  separator  at  45 °C.,  the 
crank  being  turned  at  a  speed  of  75  r.p.m.  10  cc.  of  concen- 
trated lactic  acid  were  added  to  1  liter  of  the  skim  milk.  The 
casein  was  filtered  off  through  cheese-cloth  and  the  slightly 
cloudy  filtrate  filtered  through  a  Pasteur-Chamberland  tube  un- 
der a  pressure  of  three  to  four  atmospheres.  In  this  test  the 
chamber  of  the  Briggs'  apparatus  was  surrounded  by  a  large 
metal  tub  which  was  kept  full  of  water  at  the  temperature  of 

"  Van  Slyke,  L.  L.,  and  Bosworth,  A.  W.,  N.  Y.  Agric.  Exp.  Sia.,  Tech- 
nical Bull.  48,  1916;  /.  Biol.  Chem.,  1916,  xxiv,  191. 
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melting  ice  throughout  the  entire  filtration,  the  outlet  from  the 
filter  passing  through  a  stopper  in  the  bottom  of  the  tub. 

Separate  analysis  was  made  of  the  original  milk,  the  nitrogen 
distribution  being  determined  among  the  following  constituents: 
casein,  protein  precipitable  from  the  casein  filtrate  by  Almen's 
tannic  acid  reagent,  and  non-protein  nitrogen. 

The  filtration  was  relatively  rapid  in  this  test.  Analyses  were 
accordingly  made  of  the  first  ten  10  cc.  portions  and  of  the  next 
three  50  cc.  portions,  the  last  analysis  thus  representing  the 
portion  from  200  to  250  cc. 

For  comparison  with  the  data  secured  in  this  test  we  oflFer  the 
data  secured  from  the  filtration  of  a  sample  of  skim  milk,  pre- 
pared at  another  time,  the  principal  point  of  comparison  being 
that  it,  too,  was  filtered  at  the  temperature  of  melting  ice,  with- 
out the  use  of  any  preservative.  No  nitrogen  distributions  were 
made  in  this  case,  however,  total  nitrogen  determinations  only 
being  made  upon  the  first  ten  10  cc.  portions  which  passed  through 
the  filter.  The  casein  and  total  non-casein  nitrogen  were  de- 
termined in  a  separate  portion  of  the  milk.  The  data  from  this 
experiment  are  shown  in  Tables  III  and  IV,  Table  III  giving  the 
analyses  of  the  original  samples  of  milk  and  Table  IV  the  com- 
position of  the  various  portions  of  the  scrum. 

In  spite  of  the  fact  that  the  two  samples  of  milk  represented 
in  this  experiment  were  of  entirely  different  composition  and 
their  filtration  was  carried  out  at  different  times,  and  also  not- 
withstanding the  fact  that  Sample  II  was  merely  the  lactic  acid 
whey,  free  from  casein,  there  is  a  marked  uniformity  in  the 
proportion  of  the  non-casein  nitrogen  which  passed  through  the 
filter  in  the  case  of  the  two  samples.  It  is  evident  also  that  in 
both  cases  this  consisted  almost  wholly  of  non-protein  nitrogen 
and  shows  that  our  filters  had  a  porosity  of  such  fineness  as  to 
retain  most  of  the  proteins  other  than  casein  even  after  they 
had  been  rendered  "soluble,"  as  Van  Slyke  and  Bosworth  believe, 
by  the  lactic  acid,  and  there  was  no  casein  present  to  adsorb 
them.  We  interpret  this  to  mean  that  the  albimiin  of  sour  milk 
is  still  in  a  colloidal  condition  and  that  it  is  not  to  be  regarded 
as  in  true  solution  simply  because  a  porcelain  filter  whose  pores 
are  of  a  certain  degree  of  fineness  will  allow  it  to  pass. 
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Experiment  3.    Effect  of  Chloroform  on  Determination  of  Lactalr 
bumin  by  Heat  Coagulation, — The  method  most  commonly  used 

r 
TABLE  III. 
Distribution  of  Nitrogen  in  100  Cc.  of  Original  Milk,  Experiment  B. 


Constituent. 


Casein  N 

Non-casein  N 

Casein  N 

Protein  N  other  than  casein. 

Non-protein  N 

Total  non-casein  N 


Sample 
No. 


I 


I* 
I* 

nt 

lit 
lit 
lit 


Nitrogen. 


Portion  1. 


gm. 

0.4308 
0.1557 
0.4500 
0.1007 
0.0255 


Portion  2.      Average. 


gm. 

0.4321 
0.1505 
0.4494 
0.1007 
0.0268 


gm. 

0.4315 
0.1531 
0.4497 
0.1007 
0.0262 
0.1269 


*  Fresh  skim  milk  filtered  without  any  preservative  at  temperature  of 
melting  ice. 

t  Fresh  skim  milk,  the  lactic  acid  whey  from  which  was  filtered  without 
preservative  at  temperature  of  melting  ice. 

TABLE  IV. 

Relative  Distribution  of  Nitrogen  in  100  Cc.  of  Serum  from  Pasteur-Cham- 

berland  Filters,  Experiment  2. 


Fresh  milk. 

Lactic  acid  whey. 

Sample  No. 

Total 
serum  N. 

Sample  No. 

Protein 

N. 

Non -pro- 
tein N. 

w 

Total  N. 

1 
2 
3 
4 
6 

9 
10 

gm. 

0.0332 
0.0527 
0.0513 
0.0533 
0.0414 
0.0440 
0.0427 
0.0447 

5 

6 

7 

8 

9 

10 

12 

13 

gm. 

0.0038 

0  0004 
0.0064 
0  0064 

gm. 
0.0249 

0.0271 
0.0289 
0 . 0-62 

gm. 

0.0287 
0.0323 
0.0336 
0.0352 
0.0340 
0.033.5 
0.0353 
0.0326 

Average* 

0.0471 
30.7 

Average. 

0.0056 
5.5 

0.0268 
100.0 

0.0331 

Percentage  of  same  nitrogen  in 
original  milk 

26.0 

*  Excepting  Sample  1. 
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2H()  Proteins  in  Cow's  Milk 

f(ir  (hii  ({UAiititativo  estimation  of  lactalbumin  in  cow's  milk  is 
IiamkI  (in  a  (}oaf(ulAtion  of  the  casein  filtrate  by  heat.  The  protein 
rtioovortMl  by  this  method  does  not,  however,  represent  all  of  the 
pro(4iiii  prt^sent  in  the  casein  filtrate.  In  every  case,  even  after 
Uio  most  careful  coagulation,  it  is  possible  to  recover  consider- 
nblo  pn)t4nn  from  the  ''albumin"  filtrate  by  tannic  acid,  and,  in 
lht«  Honior  author's  exi)erience  this  fraction  is  frequently  greater 
than  thai  thrown  down  by  heat  coagulation.  Even  this  pro- 
(HHhm^  l<Mivcii  a  mnall  quantity  of  nitrogen  which  is  evidently  not 
of  truo  pn>ttnu  nature,  since  it  fails  to  respond  to  the  most  deli- 
(^to  ti^tn  for  pn^oin, 

U  hM  Kuin  )¥>ra  a  ilisputed  point  whether  the  non-coagulable 
imUtHU  k4  luilk  iwriuu  is  to  be  regarded  as  of  a  proteose-peptone 
olmr«^ot«^r.  U  i»  not  our  purpose  to  review  this  controversy  at 
thU  lin^^  Imt  it  uviy  be  pointed  out  that  there  never  has  been 
l^lVV  vHmcUuuN'v  |V^H>f  tUfenxi  that  fresh  milk  contains  these  sec- 
\M^\U^ry  |V\^t^i\»s  U  !»  the  author's  opinion  that  much  of  this 
WM^lvx^Yvn^v  ha»  arisWHu  because  of  the  failure  to  appreciate  the 
l^cl  ^Ki^^  Ke^t  w^Mtulatkui  seKiom  if  ever  gives  a  quantitative 
liH'^^^Miv  s>f  iKe  A^  ctjJkti  soluble  ammal  proteins.  This  is  par- 
t^H^UiA>  ^H^"^^  ^^  ^^  albumin  and  tubulin  in  milk.  This 
^  us^l  Kv^  |>r\H^^'  appreciated  by  dairy  chemists  in  recent 
>^i«^i^  ^viwil^iAttdiuK  the  fact  that  foreign  investigators  have 
^NM  vH^^hMtiaiiMe  il  for  nearly  50  years. 

^^u  '^  »»  lv«^  »c^  a»  ISTO^  pounted  out  thkX  htmX  does  not  give  a  com- 
^vi^  V^Vs'A^^i^A^Km^  ^^  albonin  from  milk.  Hofmebter.^  applying  this 
^^>vKns(  «n^  :^uMU9^l  lIUMb  lA  fNMffal.  fottud  thai  it  raiely  IcATes  the  filtrate 
(\>sv  u^^kM  v^vi^u.  N^uittWler.^  ^tudrintg  tl»  questioQ  of  the  presence  of 
^M^'^vu^  \u  mult,  vx'^ikcluiei  that  iMit  toaiEulatka  in  wvaklr  acid  aolations 
v^U  AN'*  \v««MlUk  \u  ib^  K\r«uiliMtt  of  primarr  protciww  from  tl»  coagulated 
Vv*>KVsv»»*.^.  ^Kv^  bfc*  w«arNfc  a*  wpwially  easily  hydrotymL  $ebelien>« 
iv^iuxk  \^»  W  s'^vi^tx^v^  i»\y«^li|pii:k«  oif  milk  pcvHeiiB  tkat  a  large  part  of 
^Jfco  4-i»^uMii^4  vvi  »u'i  rv<MAUM\i  *JL9toocMraCa:«f^  at  tWe  boitiBg  temperature. 
**\»A^  ^^vVi*N^  ;^.u:^^K'xVJw-;bur\tvV:Wt;v<aIaIb«miabetngloet.    Sckl 
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inann,*^  reviewing  the  various  methods  of  estimating  milk  proteins,  also 
points  out  that  it  is  impossible  to  precipitate  completely  the  albumin  by 
heat. 

These  statements,  which  are  by  no  means  claimed*  to  be  a  com- 
plete bibliography  on  the  subject,  only  serve  to  confirm  the 
author's  own  conviction  based  upon  a  wide  experience  and  much 
study  of  the  question  of  the  quantitative  determination  of  the 
lactalbmnin  in  cow's  milk.  The  writer  hopes  to  publish  some 
of  his  own  experimental  work  on  this  question  in  the  near  future. 

TABLE  v. 

Distribution  of  Protein  in  100  Gm.  of  Milk  when  Fresh  and  after  Standing 

7  Days  with  5  Per  Cent  CHCU. 


o 

2: 


I 
I 

II 

II 

III 

III 

III 
III 


CoDstituent. 


Heat-coagulable  protein. 

Residual  protein 

Casein 

Heat-coagulable  protein. 

Casein 

Heat-coagulable  protein 

Residual  protein 

Non-protein  nitrogen. ; . . 


Fresh 
skim 
milk. 


0.315 
0.322 
2.932 
0.405 
3.016 
0.442 

0.301 
0.030 


Skim 
milk 

after? 
days 
with 

CHCU. 


0.239 
0.328 
2.889 
0.370 
2.800 
0.299 

0.417 
0.055 


Varia- 
tion 
from 

origi- 
nal. 


ptr  cent 

-40.0 
+1.7 
-1.4 
-8.6 
-7.1 

-32. 


+38.5 
+83.3 


Caaein 
filtrate 
after? 
days 
with 
CHCU. 


9fn» 


40 


.074* 
0.297 
0.384 
0.044 


Varia- 
tion 
from 

origi- 
nal. 


per  cent 


-13.8 

+27.6 
+46.7 


*  Precipitate  which  formed  on  standing. 

In  thieir  studies  on  the  filtration  of  "fresh"  milk  through  the 
Pasteur-Chamberland  filter,  Van  Slyke  and  Bosworth*  determined 
the  albumin  in  both  whole  milk  and  milk  serum  by  coagulation 
with  heat.  Not  only  does  this  method  leave  a  large  part  of  the 
albumin  in  the  filtrate,  but  the  amount  of  albumin  which  can  be 
recovered  by  this  method  is  likely  to  be  still  less  because  of  the 
presence  of  chloroform  in  the  milk,  which  was  the  preservative 
used  for  their  "fresh"  milk  studies. 

The  data  presented  in  Table  V  show  the  results  of  several  ex- 
periments in  which  the  heat-coagulable  proteins  were  determined 


*' Schlossmann,  A.,  Z.  physiol.  Chem.,  1896-97,  xxii,  197. 
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in  samples  of  fresh,  unpreserved  milk,  and  again  in  the  same 
milk  after  standing  for  several  days  in  the  presence  of  5  per  cent 
chloroform.  In  the  case  of  Sample  III,  additional  information 
on  this  point  was  secured  by  precipitating  the  casein  from  a 
separate  portion,  making  the  filtrate  and  washings  up  to  a  vol- 
ume of  200  cc,  adding  10  cc.  of  chloroform,  and  completing  the 
analysis  after  standing  for  several  days  at  room  temperature. 
The  method  used  for  coagulation  of  the  albumin  was  to  neutral- 
ize the  casein  filtrate  with  NaOH  solution,  using  phenolphthalein 
as  indicator,  add  0.3  cc.  of  10  per  cent  acetic  acid  solution,  bring 
the  solution  rapidly  to  the  boiling  point,  and  boil  gently  for  10 
minutes.  The  coagulum  was  then  filtered  off  and  washed,  and 
the  nitrogen  determined,  as  in  all  other  cases,  by  the  Kjeldahl- 
Ciunning  method.  The  data  presented  are  the  average  of  dupli- 
cate determinations. 

Columns  5  and  7,  Table  V,  show  the  percentage  variation  of 
the  second  detenninations  from  the  original  analyses.  The 
point  which  it  is  desired  to  emphasize  is  the  loss  in  heat-coagula- 
ble  protein  in  each  case,  ranging  from  nearly  10  per  cent  in  Sam- 
ple II  to  40  per  cent  in  Sample  I.  An  interesting  point  which 
developed  in  Sample  III  in  connection  with  the  casein  filtrates 
which  were  allowed  to  stand  in  contact  with  chloroform  was  the 
gradual  formation  of  a  white  precipitate.  This  was  filtered  off 
and  its  nitrogen  determined  separately.  The  duplicate  deter- 
minations of  this  precipitate  were,  respectively,  0.080  and  0.068 
gm.  of  protein.  WTien  considered  with  the  protein  recovered  by 
heat  coagulation,  the  loss  from  the  original  analysis  was  13.8  per 
cent,  but  the  portion  recovered  by  heat  alone  was  practically 
identical  with  that  recovered  from  the  skim  milk  in  contact  with 
the  chloroform. 

The  data  seem  to  be  very  suggestive  of  the  probable  cause  of 
the  major  part  of  the  loss  in  heat-coagulable  protein  when  milk 
is  preserved  with  chloroform.  They  also  offer  a  very  plausible 
explanation  of  the  apparent  result  secured  by  Van  Slyke  and  Bos- 
worth^  that  chloroformed  milk  allows  much  less  heat-coagulable 
protein  to  filter  through  the  Pasteur-Chamberland  filters  than 
milk  containing  fonnaldehyde.  We  have  so  far  been  unable  to 
find  any  theoretical  grounds  to  support  the  idea  that  chloroformed 
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milk  represents  more  nearly  the  natural  condition,  so  far  as  the 
state  of  the  protein  is  concerned,  than  milk  to  which  formalde- 
hyde had  been  added  in  amount  sufficient  merely  to  prevent 
bacterial  development.  Our  own  experience  is  also  contrary  to 
this  idea. 

The  authors  do  not  consider  it  likely  that  proteolysis  was  a 
factor  in  causing  the  results  indicated  in  Table  V. 

SUMMARY  AND  CONCLUSIONS. 

Experiments  are  reported  in  which  fresh  skim  milk,  skim  milk 
preserved  with  5  per  cent  chloroform,  skim  milk  preserved  with 
0.05  per  cent  formaldehyde,  and  the  lactic  acid  whey  from  fresh 
skim  milk  were  filtered  through  Pasteur-Chamberland  filtering 
tubes  under  pressure.  The  total  protein  passing  through  the 
filters  was  determined  in  each  case  by  precipitation  with  Almen's 
tannic  acid  reagent,  and  the  non-protein  nitrogen  in  the  filtrate 
from  the  precipitate  thus  formed. 

The  amount  of  non-casein  protein  recovered  in  the  filtrate  did 
not  in  any  case  exceed  10  per  cent  of  the  non-casein  protein  in 
the  original  milk,  and  in  most  cases  the  amoimt  recovered  was 
considerably  less  than  this  figure.  There  was  also  only  a  partial 
recovery  of  the  non-protein  nitrogen  of  the  original  milk  in  the 
experiments  with  chloroformed  and  formaldehyde-treated  milk. 
These  results  are  widely  divergent  from  those  reported  by  pre- 
vious investigators. 

The  variation  in  the  size  of  the  pores  of  different  Pasteur- 
Chamberland  filters  which  is  indicated  by  a  comparison  of  our 
data  with  those  secured  by  others  who  have  filtered  milk  through 
these  filters  shows  conclusively  the  fallacy  of  drawing  conclusions 
regarding  the  true  state  of  solution  of  non-casein  proteins  of  milk 
based  on  filtration  studies  of  this  character. 

Some  remarks  are  offered  regarding  the  fallible  practice  of  de- 
termining the  ''albumin**  of  milk  by  heat  coagulation.  Several 
experiments  are  reported  showing  how  chloroform  left  in  contact 
with  milk  greatly  depresses  the  amount  of  protein  which  can  be 
recovered  from  casein  filtrates  by  this  method.  One  experiment 
is  reported  indicating  that  this  depression  may  be  due  partially 
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to  a  precipitation  of  heat-coagulable  protein  by  the  chloroform. 
A  plausible  explanation  is  thereby  offered  for  the  results  secured 
by  other  investigators  who  find  that  chloroformed  milk  appar- 
ently allows  less  heat-coagulable  protein  to  pass  through  the 
Pasteur-Chamberland  filter  than  milk  preserved  with  formalde- 
hyde, or  soUr  milk. 


1st  Lieutenant  Robert  G.  Scott,  aerial  observer,  was  killed 
in  action  on  October  4,  1918. 

Endowed  with  a  brilliant  mind,  a  splendid  physique,  and  a 
tireless  energy,  his  keen  interest  in  biochemistry  gave  rich 
promise  of  a  splendid  future.  Courageous  and  dauntless  to  a 
fault,  his  country's  call  naturally  led  him  into  the  field  of 
service  which  he  chose.  Possessed  with  a  happy  disposition,  he 
greatly  endeared  himself  to  his  associates  who  mourn  his  loss  to 
science  at  the  threshold  of  his  career. 


THE  STATE  OF  PROTEINS  IN  COW'S  MILK. 

By  L.  L.  van  SLYKE  and  A.  W.  BOSWORTH. 
(Received  for  publication,  October  21,  1918.) 

In  the  preceding  article  Palmer  and  Scott  have  drawn  certain 
conclusions  concerning  the  condition  of  albumin  in  cow's  milk, 
based  upon  the  separation  of  serum  from  milk  by  a  method  out- 
lined by  us  in  a  previous  paper.^  This  method  involves  filtration 
through  porous  clay  filters.    In  our  paper  we  stated: 

"It  has  been  found  by  Rupp  that  the  filter  appears  to  have  the  power 
of  adsorbing  some  of  the  constituents  of  the  serum  until  a  volume  of  50 
to  75  cc.  has  passed  through,  after  which  the  filtered  serum  is  constant  in 
composition.  In  our  work,  therefore,  the  first  portion  of  serum  filtered 
is  not  used." 

We  did  not  "assume  that  the  serum  passing  through  the  Pas- 
teur-Chamberland  filter  attained  a  constant  composition  after 
the  first  50  to  75  cc.  had  passed  through,"  but  actually  found 
this  to  be  the  case,  giving  credit  to  Rupp  for  the  original  observa- 
tion, however.  That  this  is  the  case  is  also  shown  by  the  figures 
given  by  Palmer  and  Scott  in  their  Table  II.  In  the  case  of  the 
milk  treated  with  formaldehyde  the  total  nitrogen  in  the  serum 
of  the  first  ten  10  cc.  portions  varied  from  0.0216  to  0.0415  gm. 
As  they  used  much  finer  filters  than  we  did  it  would  require  the 
passage  through  them  of  a  greater  volume  of  liquid  in  order  that 
they  might  become  saturated  with  respect  to  those  substances 
adsorbed.  Had  they  discarded  the  first  100  cc.  or  so  and  then 
collected  a  total  of  250  cc.  or  more  from  which  to  draw  samples 
for  analysis  the  results  obtained  by  them  would  have  more  weight 
when  used  to  criticize  the  results  secured  by  us. 

With  respect  to  their  work  on  chloroformed  milk  we  can  only 
say  that  the  action  of  chloroform  upon  the  proteins  of  milk  is  a 

»  Van  Slyke,  L.  L.,  and  Bosworth.  A.  W..  J.  Biol.  Chem.,  1915,  xx,  136. 
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progressive  one,  due  to  two  or  more  factors,  one  of  which  is  the 
action  of  the  hydrochloric  acid  produced.  After  a  few  weeks 
the  proteins  may  be  completely  precipitated  from  the  milk. 
The  changes  noted  by  them  at  the  end  of  7  days  are  therefore 
not  comparable  to  the  changes  which  might  have  taken  place  in 
our  titrations  lasting  from  12  to  36  hours. 


THE  DIETARY  PROPERTIES  OF  THE  PEA 

(VICIA  SATIVA).*t 

By  E.  V.  McCOLLUM,  N.  SIMMONDS,  and  H.  T.  PARSONS. 

(From  the  Laboratory  of  Chemical  Hygieney  School  of  Hygiene  and  Public 
HecUthj  Johns  Hopkins  University j  Baltimore,) 

(Received  for  publication,  December  19,  1918.) 

The  pea  and  the  navy  bean  have  become  better  established  as 
staple  human  foodstuffs  in  the  United  States  than  have  any 
other  of  the  legume  seeds,  but  in  recent  times  the  cow-pea,  soy 
bean,  and  peanut  have  been  promoted.  The  soy  bean  is  second 
only  to  rice  in  importance  as  a  foodstuff  in  the  Orient.  Several 
studies  have  been  made  of  the  nutritive  values  of  certain  of  the 
isolated  proteins  from  these  seeds  by  Osborne  and  Mendel  (1), 
and  to  some  extent  the  peanut  and  soy  bean  have  been  investi- 
gated in  their  dietary  properties  by  Osborne  and  Mendel  (2), 
Daniels  and  Nichols  (2),  and  Daniels  and  Loughlin  (2).  These 
authors  have  attributed  unusually  high  values  to  both  of  these 
seeds,  especially  with  respect  te  the  quality  of  their  proteins  and 
the  content  of  fat-soluble  A.  From  their  data  one  would  con- 
clude that  they  are  dietetically  unique  among  seeds  in  these 
respects. 

For  several  years  we  have  been  engaged  in  the  study  of  the 
special  dietary  properties  of  our  more  important  foodstuffs,  with 
a  view  to  discovering  the  exact  nature  of  their  deficiencies  from 
the  dietary  standpoint.  These  studies  have  now  included  all  the 
more  important  cereal  grains  (3),  wheat  germ  (4),  the  navy  bean 
(5),  certain  leaves  (6),  mixtures  of  cereal  grains  and  the  legume 
seeds  (7),  and  complex  mixtures  of  seeds  including  both  the  cereal 

*  A  part  of  the  experimental  work  reported  in  this  paper  was  carried  out 
by  the  authors  at  the  Wisconsin  Experiment  Station. 

t  We  employed  split  peas  which  were  soaked  in  distilled  water  and 
heated  75  minutes  in  an  autoclave  at  15  pounds  pressure;  they  were  then 
dried  in  a  current  of  air  about  70**C.,  and  ground. 
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grains  and  the  legume  seeds,  especially  the  pea  and  bean  (8). 
The  results  of  these  studies  have  led  us  to  fonnulate  a  new  classi- 
fication of  the  foodstuffs  based  on  their  biological  functions  (9). 
Among  the  vegetable  foods,  those  which  are  functionally  storage 
tissues  as  the  seeds,  tubers,  certain  roots,  and  to  some  extent 
certain  modified  leaves,  as  the  thick  leaf  of  the  cabbage,  show  de- 
cidedly greater  dietary  deficiencies  than  do  those  which  are  the  seat 
of  great  metabolic  activity.  Examples  of  the  latter  class  are  the 
leaves  generally,  but  more  especially  the  thin  leaves  which  are 
not  filled  with  reserve  food  materials,  the  germ  of  the  seed,  and 
probably  also  those  regions  of  the  tubers  and  fleshy  roots  which 
are  rich  in  cellular  elements.  The  seed,  tuber,  and  root  group 
are  all  decidedly  deficient  in  calcium,  sodium,  and  chlorine 
among  the  inorganic  elements,  and  in  the  quality  of  their  pro- 
teins, and  with  few  exceptions  in  the  content  of  fat-soluble  A. 
The  leafy  portions  of  the  plants  approximate  complete  foods,  and 
in  some  plants  are  actually  complete  foods  which  suffice  for  years 
to  maintain  a  state  of  good  nutrition  in  animals.  An  example  in 
point  is  the  prairie  grass  on  which  the  bison  subsisted  throughout 
the  year.  It  is  true  they  had  access  to  salt  licks  and  manifested 
a  distinct  craving  for  salt.  There  seems  on  the  other  hand  to  be 
no  mammal  which  is  able  to  subsist  entirely  upon  a  diet  of  seeds, 
but  certain  birds  when  fed  a  supplementary  supply  of  calcium  in 
water,  shells,  grits,  etc.,  appear  to  be  satisfactorily  nourished  on 
such  a  restricted  diet.  It  is  interesting  to  note  that  millet  seed, 
which  among  the  seeds  is  especially  rich  in  fat^soluble  A,  has 
found  favor  with  bird  fanciers  as  a  regular  constituent  of  rations. 

The  present  paper  contains  a  report  of  the  dietary  properties 
of  the  common  pea.  The  data  are  recorded  because  of  their  in- 
terest in  contributing  to  the  evidence  in  support  of  the  general 
theory  which  we  have  formulated;  viz.,  that  vegetable  foods  hav- 
ing similar  functions  have  likewise  similar  dietary  properties  (10). 

We  also  present  records  of  experiments  which  show  the  supple- 
mentary relationships  between  the  proteins  of  the  pea  and  casein, 
gelatin,  zein,  and  lactalbuinin,  respectively.  It  is  of  great  in- 
terest that  while  both  casein  and  zein  supplement  the  deficiencies 
of  the  pea  proteins,  gelatin  and  lactalbumin  do  not.  From  the 
failure  of  lactalbumin  to  supplement  the  proteins  of  the  pea,  or 
to  induce  growth  when  fed  in  the  amounts  used  in  the  experi- 
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ments  described  in  this  paper,  we  have  come  to  the  tentative 
conclusion  that  lactalbumin  is  either  an  incomplete  protein  or  a 
poorly  constituted  one.  If  lactalbumin  were  actually  so  good  a 
protein  as  the  experiments  of  Osborne  and  Mendel  indicate,  the 
9  per  cent  with  which  we  supplemented  a  content  of  10  per  cent 
of  pea  protein  in  Lot  767,  Chart  5,  should  itself  have  been  suflS- 
cient  to  induce  good  growth.  We  have  elsewhere  shown  that  8 
pet  cent  of  protein  derived  f roixi  the  mixture  of  proteins  contained 
in  milk,  is  suflScient  to  lead  to  nearly  normal  growth  (11),  and  9 
per  cent  of  a  protein  mixture,  two-thirds  of  which  is  derived  from 
rye  and  the  remainder  from  flaxseed  oil  meal,  is  of  such  good 
quality  that  with  this  amount  in  the  diet  young  rats  grow  at  the 
optimum  rate  to  full  adult  size  (12). 

We  have  been  unable  to  obtain  any  growth  in  young  rats  with 
diets  containing  18  per  cent  of  lactalbumin  as  the  sole  source  of 
protein  (8),  when  the  remainder  of  the  food  mixture  was  so  con- 
stituted that  good  growth  could  be  secured  when  the  protein 
(18  per  cent)  of  the  diet  was  casein.  We  are  forced  to  the  con- 
clusion that  lactalbumin  is  a  poorly  constituted  or  an  incomplete 
protein,  and  that  the  excellent  results  of  Osborne  and  Mendel 
were  due  to  the  high  proportion  of  nitrogen  derived  from  "pro- 
tein-free milk*'  which  was  present  in  their  food  mixtures  and 
served  to  supplement  the  lactalbumin  with  respect  to  some  as 
yet  undetermined  cleavage  product  which  is  essential  for  growth 
(13). 

Zein  is  lacking  in  glycocoU  and  tryptophane  and  contains  little, 
if  any  lysine,  and  is  very  low  in  cystine,  if  indeed  this  amino- 
acid  is  present.  Since  the  proteins  of  the  pea  are  fairly  well 
supplemented  by  zein,  it  follows  that  the  limiting  amino-acid  in 
the  pea  is  neither  tryptophane,  lysine,  nor  cystine  (see  Chart  8). 
GlycocoU  has  been  shown  by  McCoUum  and  Hoagland  (14)  to 
be  readily  synthesized  by  the  mammalian  organism. 

Chart  L — Lot  866  illustrates  the  slow  rate  of  growth  with  early 
stunting,  of  young  rats  which  were  fed  peas  sufficient  to  make 
about  20  per  cent  of  protein,  supplemented  with  a  salt  mixture^ 
and  fat-soluble  A  (in  butter  fat).  A  comparison  with  Lots  976, 
903,  and  1030  (Charts  1  and  2)  shows  that  the  peas  were  supple- 

1  For  composition  of  salt  mixture  185  see  McCollum,  E.  V.,  and  Sim- 
monds, N.,  J.  Biol.  Ch^m.y  1918,  xxxii,  191. 
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mented  with  respect  to  all  necessary  factors  except  protein. 
In  Period  2,  the  addition  of  casein  led  to  a  sharp  response  with 
growth  in  one  rat,  and  a  distinct  acceleration  of  growth  in  another. 
This  shows  that  the  pea  proteins  are  of  very  poor  quality  when 
fed  as  the  sole  source  of  nitrogen.  The  rate  of  growth  on  this 
diet  containing  20  per  cent  of  pea  protein  is  not  so  good  as  has 
been  observed  with  diets  containing  but  half  as  much  protein 
derived  from  one  of  the  cereal  grains  {^).  That  the  addition  of 
a  salt  mixture  is  necessary  is  shown  by  the  records  of  Lot  976, 
Chart  1.  The  pea  is  fairly  rich  in  the  fat-soluble  A  as  is  shown 
by  Chart  2,  Lot  1030. 

Lot  976,  Period  1,  shows  that  even  when  supplemented  with 
protein  and  fat-soluble  A,  peas  to  the  extent  of  85  per  cent  of 
the  food  mixture  cannot  support  growth,  because  of  the  shortage 
of  certain  inorganic  elements.  Period  2,  shows  that  no  inorganic 
additions  other  than  calcium,  sodium,  and  chlorine  are  necessary 
in  order  to  make  the  diet  satisfactory  for  the  support  of  growth 
at  the  optimum  rate.  We  have  not,  up  to  the  present  time, 
found  any  seed  or  mixture  of  seeds  which  did  not  require  inorganic 
salt  additions  before  growth  could  take  place. 

Chart  2, — Lot  903,  Period  1,  illustrates  as  did  Chart  1,  Lot  866. 
that  the  proteins  of  the  pea  are  not  of  very  good  quality  for  the 
support  of  growth.  45  per  cent  of  peas  furnishes  a  protein  con- 
tent of  about  10  per  cent  of  the  food  mixture,  but  the  animals 
were  not  able  to  grow  on  this  diet  even  though  the  peas  were 
supplemented  with  respect  to  all  other  factors.  This  amount  of 
protein  from  one  of  the  cereal  grains  would  suffice  for  the  support 
of  growth  at  a  better  rate  (3).  In  Period  2,  when  9  per  cent  of 
casein  was  added,  there  was  a  prompt  response  with  growth  in 
all  animals.  Peas  are  not  so  high  in  hemicelluloses  as  arc  navy 
beans,  and  fermentation  of  indigestible  carbohydrates  is  not  so 
depressing  a  factor  as  in  diets  containing  a  high  content  of  navy 
beans.  If  the  proteins  of  the  pea  were  of  good  quality  it  should 
be  apparent  from  the  behavior  of  animals  fed  the  types  of  diets 
which  we  have  employed. 

Lot  1030  illustrates  the  remarkable  growth  and  good  repro- 
duction records  of  rats  which  were  restricted  from  weaning  to  a 
diet  of  peas  supplemented  with  casein,  calcium  carbonate,  and 
sodiimi  chloride.     One  female  had  four  litters  of  young,  but  none 
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of  them  were  reared.  The  other  at  the  age  of  about  10  months 
had  her  first  and  only  litter  of  young,  but  these  died  when  15 
days  old.  This  diet  would  have  been  improved  by  the  addition 
of  butter  fat  (fat-soluble  A)  (see  Chart  7,  Lot  757).  It  is  interest- 
ing to  observe  that  without  addition  of  the  latter  factor,  such 
good  growth  and  reproductive  capacity  could  be  secured.  The 
results  of  this  experiment  demonstrate  that  there  can  be  no  very 
serious  injury  resulting  from  the  feeding  of  a  liberal  amount  of 
peas  over  a  long  period  of  time.  In  this  respect  peas  appear  to 
be  superior  to  the  navy  bean  which  seems  to  cause  injury  when 
fed  in  liberal  amounts  to  growing  rats  (5).  Lathyrism  has,  so 
far  as  we  are  aware,  not  been  observed  with  the  species  of  pea  we 
have  emplojred  in  our  experiments,  but  only  with  Lathyrus 
saiivus  (15)  which  belongs  to  the  sweet  pea  family. 

Chart  3. — ^Lot  754  illustrates  well  the  great  importance  of  ade- 
quately supplementing  a  diet  in  which  one  seed  furnishes  the 
major  portion  of  the  diet,  with  salts  to  supply  suitable  inorganic 
additions  and  with  protein.  This  food  mixture  was  similar  to 
that  of  Lot  1030,  Chart  2,  except  that  it  contained  butter  fat, 
and  a  complex  salt  mixture,  instead  of  a  simple  addition  of  cal- 
cium carbonate  and  sodium  chloride.  This  was  one  of  our  earUer 
experiments  and  the  salt  mixture  was  such  as  to  fiunish  quali- 
tatively all  the  elements  except  iodine  which  are  needed  by  a 
growing  animal,  but  the  elements  calcium,  sodium,  and  chlorine 
were  not  furnished  in  such  liberal  amounts  as  in  Lot  1030  or  as 
to  promote  optimum  nutrition.  This  was  apparently  the  cause 
of  the  failure  of  Lot  754  to  grow  as  well  as  the  former. 

We  wish  to  emphasize  that  peas  supplemented  with  respect  to 
protein,  fat-soluble  A,  and  with  a  complex  salt  mixture,  as  de- 
scribed in  Lot  754,  Chart  3,  failed  to  be  satisfactorily  nourished. 
Lot  757,  Chart  7,  which  contained  but  half  as  much  peas  and  was 
supplemented  with  essentially  the  same  purified  additions,  was 
much  better  nourished  as  shown  by  both  growth  curves  and  repro- 
duction records.  In  the  latter  group  the  number  of  yoimg  produced 
may  be  regarded  as  normal  since  two  females  produced  nine 
litters  (thirty-eight  young),  but  none  were  successfully  weaned. 
Such  results  strongly  suggest  the  pres3nce  in  peas  of  s)me  sub- 
stance or  substances  which  prove  injurious  when  taken  in  large 
amounts.    It  seems,  however,  that  the  toxicity  of  peas,  if  there 
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be  any,  is  but  slight  and  only  manifests  itself  when  diets  extremely 
rich  in  peas  are  persisted  in  over  a  long  period.  In  the  quanti- 
ties in  which  peas  ever  enter  into  human  dietaries  there  can  be 
no  danger  of  the  development  of  such  a  syndrome  as  lathyrism, 
but  there  may  be  a  depression  of  function  when  the  diet  is  dis- 
tinctly unsatisfactory  in  some  other  factor. 

Chart  4- — Lot  627  was  fed  a  diet  consisting  of  a  purified  food 
mixture  supplemented  with  butter  fat  (fat-soluble  A)  and  5  per 
cent  of  peas.  The  latter  was  the  sole  source  of  the  dietary  factor 
water-soluble  B.  The  animals  were  able  to  grow  for  a  month, 
after  which  they  failed  rapidly.  It  is  evident  that  this  amount 
of  peas  is  entirely  insufficient  to  furnish  the  antineuritic  factor, 
for  two  rats  suffered  from  polyneuritis  after  8  and  10  weeks  re- 
spectively. Even  so  small  an  amount  of  wheat  germ  as  2  per  cent 
of  the  food  mixture  suffices  for  the  support  of  growth  at  nearly 
the  normal  rate  when  the  diet  is  otherwise  composed  of  purified 
foodstuffs  and  butter  fat  to  furnish  fat-soluble  A  (16).  The  cell- 
rich  tissues  of  the  plant  such  as  the  germ  are  better  sources  of 
the  water-soluble  B  than  are  the  entire  seeds,  but  these  in  turn 
are  better  than  is  the  endosperm. 

Lot  695  was  fed  a  diet  which  contained  25  per  cent  of  cooked, 
dried  peas,  and  consisted  otherwise  of  purified  foodstuffs  and 
butter  fat  to  furnish  the  fat-soluble  A.  Although  the  peas  had 
been  cooked  under  pressure  of  15  pounds  for  IJ  hours  and  dried 
in  a  current  of  hot  air,  one-fourth  of  the  food  mixture  derived  from 
peas  so  treated  sufficed  to  supply  enough  of  the  water-soluble  B 
to  enable  young  rats  to  grow  to  the  full  adult  size  at  the  normal 
rate.  Further  studies  are  in  progress  to  determine  the  minimum 
amounts  of  each  of  the  more  important  seeds  which  meet  the  re- 
quirements of  the  growing  young  for  this  dietary  factor.  For 
the  pea,  it  lies  somewhere  between  5  and  25  per  cent  of  the  food 
mixture  (8).  The  amount  of  water-soluble  B  which  is  sufficient 
for  growth  is'  not  necessarily  enough  for  successful  rearing  of 
.  young.  The  demands  of  the  nursing  mother  for  this  factor  ap- 
pear to  be  much  greater  than  for  the  young  for  growth  after  the 
weaning  period  (17). 

Chart  '1 — Lot  767  presents  curves  of  growth  which  are  of  re- 
markable interest  in  that  they  show  that  the  proteins  of  the  pea 
are  not  supplemented  by  lactalbimiin.     This  protein  has  been 
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said  by  Osborne  and  Mendel  to  be  of  greater  biological  value 
than  any  of  the  other  purified  proteins  studied  (13).  If  this  is 
true  we  must  accept  the  view  that  it  is  highly  satisfactorily  con- 
stituted with  respect  to  its  content  of  all  the  essential  amino- 
acids  and  can  be  converted  into  tissue  proteins  to  an  extent 
nearer  quantitative  than  can  any  other  protein  thus  far  studied. 
If  this  were  true,  9  per  cent  of  lactalbumin  should  be  capable  of 
supporting  growth  at  a  rate  approximately  as  great  as  is  possible 
in  this  species. 


Chart  5. 

Chart  6. — Lot  756  shows  gelatin,  like  lactalbumin,  to  be  un- 
suited  for  making  good  the  deficiencies  of  the  pea  proteins.  In 
Period  1  the  diet  was  similar  in  all  respects  to  that  of  Lot  757, 
Chart  7,  except  that  gelatin  replaced  casein,  in  like  amount. 
The  diet  containing  the  casein  together  with  pea  protein  induced 
growth,  whereas  that  containing  gelatin  and  pea  proteins  did  not. 
In  Period  2,  the  diet  was  made  up  with  9  per  cent  of  casein  re- 
placing the  gelatin.  There  was  an  immediate  response  with 
growth  in  all  the  animals. 

Chart  7, — Lot  757.  In  marked  contrast  to  lactalbumin  and 
gelatin,  casein  is  a  good  protein  for  supplementing  the  deficiencies 
of  the  proteins  of  the  pea.    The  diet  of  this  group  was  similar  in 
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every  respect  to  that  of  Lot  767,  Chart  5,  except  that  in  the 
latter  lactalbumin  replaced  casein.  This  supports  the  view  that 
lactalbumin  is  a  poorly  constituted  protein. 

Chart  8. — Lot  828  makes  it  clear  that  zein  is  a  moderately  good 
supplementary  protein  for  the  proteins  of  the  pea.  The  value  of 
the  mixture  of  approximately  equal  parts  of  zein  and  pea  proteins 
is  apparently  distinctly  greater  than  half  that  of  an  equal  amount 
of  casein,  for  about  15  per  cent  of  the  latter  is  required  when  the 
diet  is  otherwise  satisfactory  to  promote  growth  at  about  the 
normal  rate  (18). 
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MODIFICATIONS  OF  BENEDICT'S  AND  FOLIN'S  QUAN- 
TITATIVE SUGAR  METHODS. 

By  HOWARD  D.  HASKINS. 

(From  the  Biochemical  Department,  University  of  Oregon  Medical  School, 

Portland.) 

(Received  for  publication,  December  16,  1918.) 

Benedict's  method^  has  proved  satisfactory  for  estimation  of 
sugar  in  urine  when  the  concentration  is  above  0.2  per  cent. 
Folin's^  modification  of  Benedict's  method  is  especially  useful  for 
micro-titration  of  urine  containing  much  sugar.  Since  both  these 
methods  require  potassium  thiocyjmate,  which  unfortunately  has 
been  unobtainable  for  some  time,  the  writer  substituted  for  it 
sodium  thiocyanate  which  is  easily  secured. 

Benedict's  solution  was  prepared  using  105  gm.  of  NaCNS 
(equivalent  to  125  gm.  of  KCNS)  and  proved  to  be  a  perfect  sub- 
stitute for  the  usual  reagent.  The  titrations  with  urines  were 
identical  with  the  regular  reagent  and  with  the  substitute.  In 
preparing  the  reagent  we  dissolve  the  sodium  citrate  first  in  650 
cc.  of  hot  water,  then  the  (monohydrated)  sodium  carbonate, 
and  finally  the  sodium  thiocyanate.  After  filtering  the  solution 
through  cloth,  the  copper  sulfate  solution  is  added  without  wait- 
ing for  it  to  cool. 

On  substituting  NaCNS  for  KCNS  in  Folin's  mixture  of  salts 
titration  figures  were  obtained  that  were  distinctly  too  low.  The 
same  result  was  secured  when  the  thiocyanates  were  weighed 
out  separately  (from  the  phosphate  and  carbonate)  for  each  es- 
timation, thus  eliminating  the  possibility  of  the  error  being  due 
to  a  lack  of  uniformity  in  the  mixing  of  the  salts. 

After  experimenting  it  was  found  that  correct  titrations  could 
be  obtained  by  reducing  the  amount  of  sodium  thiocyanate 
somewhat,  and  using  periods  of  boiling  half  as  long  as  those  di- 
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reeled  by  Folin  (0.5,  1.0,  and  1.5  minutes  instead  of  1,  2,  and  3). 
The  results  were  as  close  to  those  secured  by  Folin's  technique 
as  duplicate  estimations  by  the  latter  method;  in  other  words, 
practically  identical.  The  comparison  was  made  with  several 
different  concentrations  of  sugar  (urines)  between  0.5  and  5.5 
per  cent.  Both  with  slow  titration  (six  to  eight  portions  of  urine 
added)  and  with  rapid  titration  (three  portions)  the  results  were 
satisfactory. 

For  each  estimation  we  use  4  gm.  of  a  salt  mixture  containing 
20  gm.  of  sodium  thiocyanate,  60  gm.  of  dry  sodium  carbonate, 
and  100  gm.  of  disodium  phosphate.  We  have  found  it  con- 
venient to  use  a  small  flask  for  the  analysis  instead  of  a  test-tube^ 


THE  INCREASE  IN  NITROGEN  METABOLISM  OF  THE 

DOG,  FOLLOWING  THE  ADMINISTRATION  OF 

DESICCATED  THYROID  GLAND. 

By  ALICE  ROHDE  and  MABEL  STOCKHOLM. 

(From  the  George  Williams  Hooper  Foundation  for  Medical  Research,  |[7nt- 
versity  of  California  Medical  School,  San  Francisco.) 

(Received  for  publication,  January  2,  1918.) 
INTRODUCTION. 

The  following  experiments  were  undertaken  to  determine  how 
serviceable  are  small  doses  of  commercial  desiccated  thyroid  gland 
administered  by  mouth,  as  a  means  of  increasing  nitrogen  elimina- 
tion in  the  dog.  That  thyroid  gland  preparations  cause  an  in- 
crease in  nitrogen  elimination  in  dogs  has  been  reported  in  care- 
fully balanced  feeding  experiments  (1-10).  The  application  of 
these  findings  to  experimental  work  is  so  frequent  as  to  justify 
additional  study  of  this  subject  in  the  hope  of  making  the  pro- 
cedure more  practicable,  We  have  undertaken  to  follow  the 
nitrogen  excretion  on  dogs  which  received  only  sugar  solutions, 
thus  eliminating  the  determination  of  a  nitrogen  intake,  and  to 
obtain  figures  for  a  dosage  which  would  produce  a  marked  in- 
crease in  the  nitrogen  elimination. 

EXPERIMENTAL. 

The  following  general  procedure  was  carried  out  for  each  ex- 
periment. A  healthy,  well  nourished  animal  was  kept  for  24  to 
48  hours  on  water,  then  each  day  within  J  to  1  hour  of  the  same 
time  the  bladder  urine  was  removed  by  catheter,  the  bladder 
washed  free  of  urine,  the  animal  weighed,  and  a  measured  amount 
of  sugar  water  given  by  stomach  tube.  The  sugar  solutions 
contained  a  mixture  of  125  gm.  of  cane  sugar  and  62  gm.  of  glucose 
to  1,000  cc.  of  water.  Thyroid  or  dried  veal  pills  when  adminis- 
tered were  placed  in  the  throat  before  feeding  the  sugar  water  by 
stomach  tube.  A  mixture  of  equal  parts  of  desiccated  thyroid 
preparation  from  Armour  and  Company,  and  from  Parke,  Davis 
and  Company  was  used.    This  preparation  contained  10  per  cent 
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nitrogen.  Powdered  veal  containing  10  to  15  per  cent  nitrogen 
was  used  for  the  control  animals.  The  24  hour  collections  from 
the  metabohsm  cages,  the  cage  washings,  the  bladder  urine,  and 
the  bladder  washings  were  combined  and  diluted  to  2  liters. 
5  cc.  of  diluted  urine  were  taken  for  nitrogen  determinations  by 
the  Kjeldahl  method  and  run  in  duplicate.  The  records  begin 
after  several  preliminary  collections. 

Dog  1,84S, 


Date. 

Doee. 

Total  N. 

Weight. 

i918 

gm. 

kg. 

Jan.   12 

300  CC.  sugar  solution  daily. 

1.7 

10.48 

"      13 

1.6 

10.43 

^'      14 

1.6 

10.17 

''      15 

1.5 

10.00 

^'      16 

0.5  gm.  thyroid. 

1.4* 

9.97 

<i      17 

0.5    " 

1.6 

9.80 

^'      18 

0.5    " 

1.6 

9.78 

**      19 

0.5    " 

1.6 

9.58 

*'      20 

0.5    " 

1.7 

9.35 

**      21 

0.5    " 

1.9 

9.12 

''      22 

0.5    " 

1.8 

9.04 

'*      23 

1.9 

8.93 

"      24 

1.6 

8.84 

"      25 

1.6 

8.78 

•  Nitrogen  eliminated  in  the  24  hours  preceding  the  administration  of 
thyroid  substance. 

Ek^g  1M7. 


Date. 

Doee. 

Total  N. 

Weight. 

ms 

gm. 

kg. 

Jan.   12 

300  CC.  sugar  solution  daily. 

1.8 

6.97 

"      13 

1.4 

6.91 

'''      14 

1.3 

6.83 

"      15 

1.2 

6.74 

'»'      16 

0.5  gm.  thyroid. 

1.3* 

6.66 

"      17 

0.5    " 

1.7 

6.57 

-"      18 

0.5    " 

1.7 

6.54 

""'      19 

0.5    " 

1.2 

6.37 

*'      20 

0.5    " 

1.8 

6.23 

^'      21 

0.5    " 

1.9 

6.06 

^'      22 

0.5    " 

2.0 

6.01 

*'      23 

1.9 

5.95 

"      24 

2.2 

5.89 

"      25 

2.0 

5.78 

♦Nitrogen  eliminated  in  the  24  hours  preceding  the  administration  of 
thyroid  substance. 
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Dog  1M9. 


Date. 

DOM. 

Total  N. 

1 

Weicht. 

1918 

gm. 

kg. 

Mar.    5 

200  cc.  sugar  solution  daily. 

1.4     . 

10.12 

6 

1.4 

9.86 

"        7 

1.5 

9.78 

8 

1.4 

9.69 

9 

0.5  gni.  thyroid. 

1.6* 

9.58 

"      10 

0.5    " 

1.8 

9.41 

"      11 

0.5    " 

1.8 

9.18 

*•      12 

0.5    ** 

9.12 

"      13 

0.5    " 

1.9 

9.01 

«      14 

0.5    " 

2.2 

8.84 

"      15 

2.4 

8.73 

"      16 

. 

2.4 

•  Nitrogen  eliminated  in  the  24  hours  preceding  the  administration  of 
thyroid  substance. 


Dog  191 


Date. 

Dote. 

Total  N. 

Vol.  per 
cent  COi. 

Weight. 

ms 

gm. 

kg. 

July    6 

400  cc.  sugar  solution  daily. 

3.6 

16.61 

3.6 

16.24 

"       8 

3.4 

16.35 

"       9 

2.9 

59.4 

16.10 

"     10 

3.0 

65.2 

15.98 

"      11 

1  gm.  thyroid. 

3  4* 

61.3 

15.76 

"     12 

1        H               li 

2.4 

61.3 

15.53 

"     13 

1        H               i< 

3.n 

59.6 

15.19 

"      14 

1       <(             (( 

4.S 

61.3 

14.74 

"     15 

1        ((                n 

5.3 

59.4 

14.57 

"     10 

1       «            « 

5.2 

59.4 

14.23 

"     17 

1        it               u 

5.4 

61.4 

14.17 

*  Nitrogen  eliminated  in  the  24  hours  preceding  the  administration  of 
thyroid  substance. 
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Dog  19B, 

Date. 

DoM. 

Total  N. 

Weight. 

1918 

gm. 

kg. 

July    6 

300  cc.  sugar  solution  daily. 

2.4 

11.36 

"       7 

2.2 

11.51 

"       8 

2.3 

11.25 

"       9 

1.8 

11.03 

"     10 

2.0 

10.91 

"     11 

1  gm.  thyroid.                        ' 

2. 2* 

10.88 

"     12 

3.4 

10.65 

"     13 

2.2 

10.65 

"     14 

2.6 

10.40 

"     15 

2.5 

10.14 

"     16 

2.5 

10.03 

"     17 

2.4 

•      9.92 

"     18 

2    * 

2.2 

9.72 

"     19 

2    ' 

2.4 

9.69 

"     20 

3    * 

2.6     . 

9.29 

"     21 

3    ' 

3.6 

8.84 

"     22 

3    * 

4.4 

'  *  Nitrogen  eliminated  in  the  24  hours  preceding  the  administration  of 
thjnroid  substance. 

Dog  17,160. 


Date. 

Dose. 

Total  N. 

Weight. 

1918 

gm. 

kg. 

Aug.    4 

400  CC.  sugar  solution  daily. 

2.7     ' 

22.05 

5 

2.6 

21.88 

"       6 

2.6 

21.63 

"       7 

2.6 

21.54 

"       8 

3  gm.  thyroid. 

2.6* 

21.43 

"       9 

3    "         " 

21.09 

"      10 

3    "         " 

3.6 

20.86 

"      11 

3    "         " 

4.2 

20.63 

"      12 

3    "         " 

3.9 

20.41 

"      13 

4.3 

20.07 

"      14 

4.2 

19.84 

"      15 

3.2 

19.73 

"      16 

3.6 

19.73 

"      17 

2  9 

19.61 

*  Nitrogen  eliminated  in  the  24  hours  preceding  the  administration  of 
thyroid  substance. 
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Dog  1,860. 


Date. 

Dote. 

Total  N. 

Weight. 

1918 

gm. 

kg. 

Aug.    4 

400  cc.  sugar  solution  daily. 

3.6 

22.62 

"       5 

3.6 

22.14 

"       6 

3.0 

22.22 

"       7 

3.0 

21.82 

"       8 

3  gm.  thyroid. 

2.9*- 

21.77 

"       9 

3    " 

21.65 

"      10 

3    " 

3.6 

21.37 

"      11 

3    " 

4.0 

21.03 

"      12 

3    " 

3.6 

20.63 

"      13 

3    " 

4.4 

20.18 

"      14 

5.4 

19.50 

"      15 

1 

6.0 

20.12 

"      16 

4.8 

19.84 

u      17 

3.1 

19.50 

*  Nitrogen  eliminated  in  the  24  hours  preceding  the  administrati(  n  of 
thyroid  substance. 


Dog  1,843. 


Date. 

Doae. 

Total  N. 

Weight. 

1917 

gm. 

kg. 

Oct.  12 

400  CC.  sugar  solution  daily. 

1.5 

9.66 

"     13 

» 

1.3 

9.55 

"     14 

1.3 

9.63 

"     15 

10  gm.  thyroid. 

1.3* 

9.52 

"     16 

10    " 

1.7 

9.38 

"     17 

10    " 

2.0 

9.04 

"     18 

10    " 

2.1 

8.87 

"     19 

10    " 

2.3 

8.56 

"     20 

2.7 

8.27 

"     21 

2.4 

8.16 

"     22 

2.4 

— 

"     23 

2.0 

*  Nitrogen  eliminated  in  the  24  hours  preceding  the  administration  of 
thyroid  substance. 


Dog  ly849,  Control. 


Data. 

Dose. 

Total  N. 

Weigh. 

1918 

gtn. 

k0. 

Jan.  13 

300  cc.  sugar  solution  daily. 

2.4 

8.73 

«     14 

2.1 

8.52 

"     15 

1.9 

8.52 

"     16 

0.4  gm.  meat  powder. 

1.9 

8.38 

a      17 

0.4    "       " 

1.9 

8.30 

"     18 

0.4    "       " 

1.9 

8.17 

"     19 

0.4    "       " 

1.8 

8.15 

"     20 

1.9 

7.95 

«     21 

1.9 

7.86 

"     22 

• 

2.2 

7.75 

Dog  1,867,  Control. 


Date. 

Dose. 

Total  N. 

Vol.  per 
cent  COj. 

Weight. 

1918 

gv%. 

kg. 

Mar.    5 

300  cc.  sugar  solution  daily. 

2.2 

53.8 

9. 2D 

"       6 

2.3 

57.4 

9.01 

"       7 

2.5 

51.6 

8.95 

"       8 

— 

8.84 

"       9 

0.5  gm.  meat  powder. 

2.1 

8.87 

"      10 

0.5    "       " 

1.7 

8.78 

"      11 

0.5    "       " 

1.6 

8.73 

"      12 

0.5    "       " 

1.4 

8.73 

"      13 

0.5    "       " 

1.4 

8.61 

"      14 

0.5    "       " 

1.2 

8.53 

"      15 

0.5    "       " 

1.3 

53.9 

8.44 

"      16 

0  5    "       " 

1.3 

53.8 

Dog  1,879,  Control. 


Date. 

Dose. 

Total  N. 

Weight. 

1918 

gm. 

kg. 

Jan.  13 

300  CC. 

sugar  solution  daily. 

1.4 

6.37 

"     14 

1.5 

6.20 

"     15 

1.4 

6.09 

"     16 

0.5  gm. 

meat  powder. 

1.3 

6.01 

"     17 

0.5    " 

it                  u 

1.3 

5.98 

"     18 

0.5    " 

«             tt 

1.2 

5.98 

"     19 

0.5    " 

it                 u 

1.3 

5.92 

"     20 

0.5    " 

(t                n 

1.3 

5.84 

"     21 

0.5    " 

u                 tt 

1.3 

5.75 

"     22 

0.5    " 

«              u 

1.1 

5.09 

"     23 

0.5    " 

tt             it 

1.1 

5.61 

"     24 

Co    " 

tt              tt 

1  2 

5.52 

*  Nitrogen  eliminated  in  the  24  hours  preceding  the  administration  of 
thyroid  substance. 
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Dog  19Sj  Control. 


Date. 

Dose. 

Total  N. 

Vol.  per 
cent  COi. 

Weicht. 

1918 

gm. 

kg. 

July    5 

300  cc.  sugar  solution  daily. 

2.5 

10.43 

"       6 

2.4 

10.17 

"       7 

2.3 

10.09 

"       8 

2.3 

10.00 

"       9 

2.1 

61.3 

9.95 

*'     10 

1.4 

55.6 

9.69 

u      21 

2.6 

59.4 

9.63 

u     12 

1  gm.  meat  powder. 

2.2 

59.4 

9.41 

"     13 

1     (1       «           it 

2.2 

53.8 

9.29 

"     14 

-1      a         it              n 

2.2 

59.5 

9.24 

"     15 

1      tt         tt              <i 

2.1 

59.5 

9.12 

"      16 

1      it         it              tt 

1.2 

61.4 

9.07 

"      17 

1      a          It               tt 

3.1 

61.4 

— 

DoK  1,859. 

Dog  1.821  (control). 

Date. 

Dose. 

Vol.  per 
cent  COf. 

Date. 

Dose. 

Vol.  per 
cent  COt. 

1918 

1918 

Aug.  U 

336  CC.  sugar  so- 
lution daily. 

59.5 

Aug.  14 

400  cc.  sugar  so- 
lution daily. 

57.6 

"      15 

62.4 

"      15 

— 

"      16 

63.3 

"      16 

58.5 

"      17 

63.3 

"      17 

• 

59.5 

"      19 

63.3 

"      19 

65.3 

"      20 

57.6 

"      20 

58.6 

tt      21 

3  gm.  thyroid. 

57.7 

"      21 

• 

59.6 

"      22 

3    "         " 

58.6 

"      22 

59.5 

"      23 

3    " 

56.6 

DISCUSSION. 


These  experiments  would  indicate  that  studies  of  the  basal 
nitrogen  metabolism  of  dogs  receiving  sugar  solutions  over  a 
period  of  about  2  weeks  is  suflBcient  to  indicate  whether  or  not 
nitrogen  metabolism  is  accelerated  by  thyroid  preparations  ad- 
ministered during  this  period. 
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The  aummajy  of  results  showing  the  average  nitrogen  figures 
for  3  days  preceding  thyroid  feeding  and  for  the  days  of  adminis- 
tration including  two  subsequent  days,'  would  indicate  that  a 
daUy  dose  of  0.05  to  0.1  gm.  of  desiccated  thyroid  mixture  per 
kilo  of.  body  weight  is  a  dose  producing  a  marked  effect  upon 
nitrogen  elimination  and  a  somewhat  greater  percentage  loss  in 
weight  than  is  found  in  the  control  animals. 

The  condition  of  the  animals  remained  excellent  throughout 
the  experiments.  The  carbon  dioxide-combining  power  of  the 
plasma  of  several  of  the  animals  studied  was  not  affected  by  the 
thyroid  substance  given.  Fresh  thyroid  glands  were  not  fed  as 
a  control  upon  these  experiments,  so  at  present  no  discussion  of 


Summorj  of  Residls. 


jll 


TbjToid  preparation  administered. 


'ir 

ia. 

^, 

^. 

JWMBI 

perwnl 

JKT  cent 

PIT  oat 

1 

1,843 

0,05 

10 

1,5 

1.7 

13 

4,4 

"3,!) 

5,6 

2 

1,84S 

0.05 

10 

1,5 

2-0 

33 

2,» 

4.8 

4,2 

.     "3 

191 

0,07 

15 

3,1 

4.5 

45 

3,6 

6.4 

3,8 

4 

1,847 

0,10 

6 

1,2 

1.8 

50 

3,6 

4.3 

5,6 

5 

!92 

0.1-3 

10 

2,0 

2,8 

40 

.3,2 

4,4 

4,6 

6 

17,ia 

0,15 

22 

2,6 

3.9 

60 

2,0 

3,7 

3.3 

7 

l,8ffl 

0,15 

22 

3,0 

4.5 

SO 

1.2 

3,4 

7.2 

8 

1,843 

1,00 

9 

1,3 

2.2 

09 

1.4 

6,8 

8.0 

Meat  powd 

er  administered. 

1 

1,867 

0,05 

9 

2.3 

1.4 

Decrease, 

1.5 

1.6 

3,3 

2 

1,84S 

0,04 

8 

i.g 

1-9 

0 

4.0 

2,7 

4,9 

3 

l,87t 

0,1 

6 

1.4 

1.2 

Decrease. 

5.6 

1.5 

3.8 

4 

193 

0.1 

10 

2.0 

2.1 

4 

5.4 

3.1 

- 

'  The  calculations  for  average  percentage 
natioQ  in  the  tabular  summary  of  the  literature 
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the  question  as  to  whether  the  eflfect  of  desiccated  thyroid  upon 
metabolism  is  physiological  or  toxicological  can  be  made. 

CONCLUSION. 

Nitrogen  elimination  in  the  dog  receiving  only  sugar  solutions 
may  be  increased  approximately  50  per  cent  by  the  administra- 
tion, during  a  5  to  7  day  period,  of  commercial  desiccated  thy- 
roid gland  in  doses  of  0.10  to  0.15  gm.  per  kilo  of  body  weight* 

BIBLIOGRAPHY. 

1.  Roos,  E.,  Z.  phyaiol.  Chem.j  1895-96,  xxi,  19. 

2.  Roos,  E.,  Z.  phyaiol.  Chem.y  1899,  xxviii,  40. 

3.  Roos,  E.,  Z,  phya^iol.  Chem.y  189d-97,  xxii,  18. 

4.  Roos,  E.,  Z.  phyaiol.  Chem.,  1898,  xxv,  12. 
6.  Voit,  F.,  Z.  Biol.,  1897,  xxxv,  116. 

6.  Schdndorff,  B.,  Arch.  gea.  Phyaiol.,  1897,  Ixvii,  395. 

7.  Georgiewsky,  K.,  Z.  klin.  Med.,  1897,  xxxiii,  153. 

8.  Oswald,  A.,  Z.  phyaiol.  Chem.,  1899,  xxvii,  14. 

9.  Oswald,  A.,  Virchowa  Arch.  path.  Anat.,  1902,  clxix,  444. 

10.  Underhill,  F.  P.,  and  Saiki,  T.,  J.  Biol.  Chetn.,  1908-09,  v,  236. 


THE  ACID-BASE  BALANCE  IN  ANIMAL  NUTRITION. 

I.    THE  EFFECT  OF  CERTAIN  ORGANIC  A  TD  MINERAL  ACIDS  ON 
THE  GROWTH,  WELL  BEING,  AND  I  EPRODUCTION 

OF  SWINE.* 

By  ALVIN  R.  lamb  and  JOHN  M.  EVVARD. 
(From  the  Iowa  Agricultural  Experiment  Statiorif  AmeSy  Iowa.) 

(Received  for  publication,  December  13,  1918.) 

INTRODUCTION. 

The  question  of  the  balance  between  acid-  and  base-forming 
mineral  elements  in  foodstuffs  has  figured  more  or  less  promi- 
nently in  discussions  of  rations  for  both  man  and  animals  during 
the  last  decade.  Based  principally  on  the  work  of  Forbe*^  *  Sher- 
man and  Get  tier,*  and  Kastle,'  there  is  a  tendency  to  emphasize 
the  necessity  for  a  balance  between  potential  acid  and  base  in 
the  mineral  constituents  of  rations.  In  this  preliminary  discussion 
human  dietary  standards  will  figure,  as  well  as  rations  for  ani- 
mals, but  in  reporting  our  conclusions  we  shall  avoid  the  error  of 
applying  data  obtained  with  one  species  to  other  species. 

Much  of  the  early  literature  on  this  subject  is  cited  by  Forbes  and  by 
Sherman  and  Gettler.  The  former's  discussion  of  the  acid-base  balance  is 
largely  theoretical,  and  much  of  it  is  based  upon  notions  which  have  since 
been  found  incorrect.  The  analyses  of  Sherman  and  Gettler,  which  are 
the  first  to  show  accurately  the  true  relations  of  the  principal  mineral 
elements  in  foodstuffs,  are  valuable  and  their  interpretation  of  their  me- 
tabolism experiments  is  conservative,  but  others  have  often  overempha- 
sized the  necessity  of  a  balance  such  as  they  suggest.  We  wish  to  point 
out  fallacies  in  the  reasoning  of  those  who  insist  on  the  necessity  of  this 
balance  of  ash  elements. 

*  Published  with  the  permission  of  the  Director  of  the  Iowa  Agricul- 
tural Experiment  Station.  Preliminary  report  read  at  the  Kansas  City 
meeting  of  the  American  Chemical  Society,  April  12,  1917. 

»  Forbes,  E.  B.,  Ohio  Agnc.  Exp.  Sta.,  Bull.  207,  1909. 

«  Sherman,  H.  C,  and  Cottier,  A.  0.,  J.  Biol.  Chem.,  1912,  xi,  323. 

•Kastle.  J.  H.,  Am.  J.  Physiol.,  1908,  xxii,  284. 
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The  interpretation  of  experiments  comparing  natural  foodstuffs  with 
varying  acid  and  base  content  is  difficult,  because  the  character  and  com- 
position of  the  ash,  aside  from  its  acid  or  basic  properties,  may  have  much 
influence  on  the  results,  as  has  been  shown  by  McCollum,*  and  by  Osborne 
and  Mendel.*  Other  elements  in  the  ration,  such  as  the  character  of  the 
proteins,  may  be  limiting  factors.  A  prime  essential  in  fundamental 
nutrition  experiments  is  that  the  unknown  factors  as  far  as  possible  should 
be  limited  to  one.  Then  only  is  complete  interpretation  and  generalization 
possible.  The  tendency  has  often  been  to  accept  too  readily  as  a  reason 
for  unfavorable  results  the  potential  acid  character  of  the  ration,  when 
other  possibilities  are  present.  For  example,  in  natural  feedingstuffs  such 
as  oats,  wheat,  and  corn,  the  mineral  or  protein  content  is  often  deficient 
in  quality,  yet  conclusions  are  sometimes  drawn  solely  on  the  basis  of 
the  excess  of  acid-forming  elements.  Weiser*  fed  pigs  on  corn  alone, 
which  is  very  low  in  calcium,  obtaining  a  positive  nitrogen  and  a  negative 
calcium  balance.  Calcium  was  added  in  the  form  of  carbonate  and  the 
calcium  balance  became  positive.  Funk^  implies  that  this  effect  obtained 
by  Weiser  is  due  to  the  correction  of  the  acidity  of  the  ration.  In  his  own 
work  with  rabbits  Funk  finds  that  a  diet  of  oats  alone  causes  death  in  30 
to  70  days,  and  thinks  the  failure  of  the  ration  due  to  the  excess  of 
acid-forming  mineral  elements  in  the  oats.  He,  as  well  as  others  who  have 
fed  rabbits  on  an  exclusive  oat  diet,  appears  to  disregard  the  fact  that 
herbivorous  animals,  including  rabbits,  require  roughage  as  a  constituent 
of  the  ration.  Unfavorable  results  from  an  abnormal  as  well  as  incomplete 
diet  are  then  interpreted  as  being  due  to  the  potential  acidity  of  the  oats. 
It  is  noteworthy  that  Funk  finds  that  rats,  which  are  omnivorous,  can  be 
maintained  on  oats  and  white  bread  for  a  long  time,  although  this  diet 
fails  to  produce  growth  in  young  rats.  That  the  failure  in  growth  is  not 
due  to  the  acidity  of  the  diet  is  shown  by  the  fact  that  the  addition  of  so- 
dium bicarbonate  had  no  beneficial  action.  Other  cases  might  be  cited 
from  the  literature,  but  the  foregoing  illustrations  show  the  tendency  to 
consider  acidosis  as  a  frequent  cause  of  nutritional  troubles. 

Acidosis  is  variously  defined.  As  most  generally  accepted  it 
is  a  pathological  condition  which  occurs  in  diabetes,  nephritis,  sur- 
gical cases,  and  as  a  result  of  poisoning  or  starvation.  In  infants 
it  is  sometimes  a  result  of  too  high  fat  feeding,  but  it  is  then 
clearly  due  to  a  limited  capacity  to  digest  and  assimilate  fats. 
We  dislike  to  use  this  term,  which  really  belongs  to  pathology, 

in  discussing  normal  nutrition.     Indeed  the  widespread  tendency 
« 

*  McCollum,  E.  v.,  and  Davis,  M.,  /.  Biol.  Chem.j  1915,  xxi,  616. 

*  Osborne,  T.  B.,  and  Mendel,  L.  B.,  Carnegie  Institution  of  Washington, 
Publication  156,  pt.  ii,  1911;  J.  Biol.  Chem.y  1918,  xxxiv,  131. 

*  Weiser,  S.,  Biochem.  Z.,  1912,  xliv,  279. 

'  Funk,  C,  /.  Biol.  Chem.,  1916,  xxv,  409. 
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to  write  into  the  literature  of  normal  nutrition  data  obtained 
from  drug  administration,  pathological  cases,  and  other  abnormal 
<;onditions  is  to  be  deprecated.  Drug  administration  is  of  value, 
and  experiments  on  diabetic  patients  are  of  importance  in  the 
study  of  diabetic  acidosis,  but  unfortunately  the  data  obtained  in 
such  studies  are  widely  accepted  as  showing  the  limited  tolerance 
of  the  animal  organism  for  acid,  disregarding  the  fact  that  the 
organisms  experimented  on  are  in  an  abnormal  or  pathological 
•condition. 

The  protective  mechanism  of  the  body  against  acids  has  been 
thoroughly  studied  by  Henderson.®  That  the  organism  has  con- 
siderable tolerance  for  acid  has  been  shown  by  McCollum.'  He 
reported  satisfactory  growth  from  an  early  age  and  normal  re- 
production in  rats  fed  exclusively  on  egg  yolk,  which  Sherman 
and  Gettler  find  to  have  a  potential  excess  acidity  of  26.7  cc.  nor- 
mal solution  per  100  gm.  McCollum  and  Hoagland^^  have  shown 
that  a  pig  on  a  nitrogen-free  diet  plus  mineral  acids  can  neutralize 
A  large  part  of  the  acid  with  ammonia  and  maintain  tissue  neu- 
trality. At  the  same  time  they  found  that  the  creatinine  nitro- 
gen in  the  urine  remained  constant,  suggesting  that  the  extra 
nitrogen  catabolized  to  neutralize  the  ingested  acid  probably 
•originated  elsewhere  than  in  muscle  tissue.  Steenbock,  Nelson, 
and  Hart,"  using  swine  and  calves  on  a  normal  level  of  protein 
intake,  found  that  the  rise  in  urinary  ammonia  nitrogen  was  not 
accompanied  by  a  corresponding  rise  in  the  total  urinary  nitrogen, 
but  that  there  was  a  commensurate  drop  in  the  urea  nitrogen. 
They  concluded  that  on  a  normal  protein  intake  the  excess  of 
:acid-forming  mineral  elements  which  might  exist  in  natural  foods 
■should  exercise  no  deleterious  effect  on  protein  storage. 

The  possibility  is  thus  established  that  an  animal  may  be  able 
to  grow  and  complete  its  normal  cycle  of  life  on  a  ration  which 
•contains  an  excess  of  acid-forming  mineral  elements,  but  which  is 

•  Henderson,  L.  J.,  /.  Biol.  Chem.,  1911,  ix,  403;  Science,  1913,  xxxvii, 
389;  1917,  xlvi,  73,  and  other  papers. 

•  McCollum,  E.  v.,  Am.  J.  Physiol.,  1909-10,  xxv,  127. 

»  McCollum,  E.  v.,  and  Hoagland,  D.  R.,  J.  Biol.  Chem.,  1913-14,  xvi, 

"Steenbock,  H.,  Nelson,  V.  E.,  and  Hart,  E.  B.,  /.  Biol.  Chem.,  1914. 
jdx,  399. 
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otherwise  satisfactory.  It  has  been  shown  that  animals  of  all 
tjrpes  of  feeding  habits  may  divert  part  of  the  nitrogen  which 
would  otherwise  appear  in  the  urine  as  urea  for  the  production 
of  ammonia,  thereby  neutralizing  a  large  part  of  the  acids  ingested 
or  formed  in  metabolism.  Sherman  and  Gettler,^  however,  with 
a  human  subject  on  acid  and  alkaline  diets,  found  that  the  extra 
urinary  acidity  and  ammonia  failed  to  account  for  all  the  extra 
acidity  of  the  acid  diet.  This  fact  may  be  the  reason  iFor  the  tend- 
ency to  consider  a  balance  between  acids  and  bases  necessary. 
It  is  possible,  however,  that  the  greater  part  of  this  remainder 
may  be  accoimted  for  in  the  feces  without  any  serious  loss  of 
bases  from  the  body.  Inasmuch  as  bacterial  residues  constitute 
a  large  part  of  the  mass  of  feces,  it  is  conceivable  that  some  sulfur 
and  phosphorus  is  excreted  combined  with  protein  and  in  other 
imoxidized  forms.  Also,  in  growth,  a  considerable  amount  is 
stored  in  the  form  of  proteins,  phosphatides,  and  nuclear  material 
Thus  it  seems  possible  that  the  excess  acid  of  natural  foods  may 
be  accounted  for  without  serious  loss  of  base  from  the  body,  by 
means  of  ammonia  production,  acid  phosphate  excretion,  and  the 
other  factors  just  mehtioned.  Of  course  we  refer  to  normal  nu- 
trition. The  only  way  to  determine  definitely  whether  or  not  a 
balance  between  acid-  and  base-forming  mineral  elements  is  neces- 
sary is  to  test  the  ability  of  animals  to  maintain  growth  and  well 
being  and  to  reproduce  normally  on  a  satisfactory  ration  with  a 
considerable  excess  of  acid.  Inasmuch  as  swine  are  convenient 
experimental  animals  and  grow  so  rapidly  that  their  weight  is 
quadrupled  in  a  few  months,  they  have  been  used  in  our  experi- 
ments. Swine  are  generally  fed  largely  on  cereals,  which  always 
carry  an  acid  ash^  and  it  is  important  to  know  for  practical 
reasons  whether  their  rations  should  be  balanced  with  bases. 

EXPERIMENTAL. 

These  experiments  were  initiated  with  the  purpose  of  testing 
the  ability  of  swine  to  metabolize  successfully  the  lactic  and 
acetic  acids  of  silage.  In  the  course  of  our  silage  investigations 
at  the  Iowa  station,  it  has  been  found  possible  to  make  a  satis- 
factorily preserved  silage  from  rape  (Brassica  nap^is),^^    As  or- 

^2  Lamb.  A    R.,  and  Evvard,  J.  M.,  J.  Agric.  Research^  1916,  vi,  527. 
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dinary  com  silage  is  too  fibrous  to  be  utilized  efficiently  by  swme, 
silage  has  not  been  well  tested  in  swine  feeding.  In  this  experiment 
lactic,  acetiC;  and  sulfuric  acids  were  fed  in  equivalent  amounts 
to  separate  lots  of  pigs,  the  mineral  acid  being  fed  for  comparison 
with  the  organic  acids.  Since  the  lot  receiving  sulfuric  acid  grew 
practically  as  well  as  the  control  lot,  the  question  of  the  balance 
of  mineral  acids  and  bases  was  raised,  and  the  work  continued  on 
that  subject. 

The  plan  of  the  first  experiment  was  as  follows.  Eight  pigs, 
all  from  the  same  litter,  about  100  days  old  and  weighing  50  to 
60  poimds,  were  divided  into  four  lots  of  two  pigs  each.  All  were 
healthy  and  thrifty,  and  similar  in  appearance  and  condition. 
All  were  fed  twice  daily  the  same  basal  ration,  well  tried  and 
satisfactory,  consisting  of  80  per  cent  ground  com,  15  per  cent 
meat  meal  tankage  (which  contained  60  per  cent  protein),  and  5 
per  cent  standard  wheat  middlings.  The  amount  fed  to  each  lot 
was  regulated  by  the  amoimt  the  lot  eating  least  would  eat  each 
day.  Thus  each  lot  received  the  same  amount  of  feed — an  im- 
portant matter  since  the  gains  in  weight  of  the  lots  were  to  be 
compared.  Water  in  the  drinking  troughs  was  allowed  ad  libitum. 
With  this  exception  the  lots  were  treated  similarly  m  every  re- 
spect until  near  the  close  of  the  experiment.  The  mixed  feed 
was  mixed  with  an  equal  weight  of  water  in  the  feeding  troughs, 
and  the  acids,  in  the  form  of  normal  solutions,  were  thoroughly 
mixed  with  the  moist  feed. 

Lot  I  was  used  as  a  control  throughout  the  experiment.  Lot  II 
was  fed  sulfuric  acid.  Lot  III  an  equivalent  amount  of  lactic  acid, 
and  Lot  IV  an  equivalent  amount  of  acetic  acid.  The  total 
length  of  the  experiment,  except  for  Lot  II  which  was  continued 
longer  on  sulfuric  acid,  was  seven  30  day  periods.  The  periods 
and  the  amounts  of  acid  added  to  the  ration  are  shown  in  Table  I. 

The  rate  of  growth  of  the  four  lots  was  quite  uniform  in  spite 
of  the  acid  additions.  If  the  growth  curves  were  plotted  on  a 
scale  small  enough  to  be  suitable  for  reproduction  here,  it  would 
be  difficult  to  distinguish  any  difiference.  Neither  growth  nor 
well  being  appears  to  have  been  interfered  with  appreciably  by 
the  acids  added  to  the  ration.  Table  II  gives  the  weights  of  the 
animals  by  30  day  periods.  Weights  were  taken  every  10  days. 
While  Lot  II  weighed  considerably  less  than  the  control  lot  at 
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the  close  of  the  experiment,  this  was  partly  due  to  the  fact  that 
during  the  last  50  days  all  lots  were  fed  according  to  appetite. 
It  should  be  noted  that  at  the  beginning  of  Period  VI,  when  all 
lots  were  being  fed  the  same,  the  differences  between  the  lots  in 
average  weights  were  less  than  the  variations  between  individ- 
uals within  the  lots. 

No  difficulty  was  experienced  in  feeding  the  acid  in  the  manner 
described  above.  At  one  time  only  during  the  experiment,  the 
animals  in  Lot  II  lost  appetite  and  did  not  eat  well  for  a  few  days. 
This  was  soon  after  being  changed  f ronl  the  acetic  acid  ration  back 
to  sulfuric  acid.     It  merely  calls  attention  to  the  difficulty  under 

TABLE  II. 

Weights  of  Animals  at  Beginning  of  Each  SO  Day  Period  and  at  End  of 

Experiment. 


Period. 

UtI 

Lot  II 

Lot  III 

Lot  IV 

Animal 
460 

Animal 
465 

Animal 
461 

Animal 
463 

Animal 
462 

Animal 
464 

Animal 
466 

Animal 
467 

IbM. 

lb». 

Iba. 

lbs. 

lbs. 

/&«. 

lbs. 

lb$. 

I 

66 

51 

63 

55 

53 

61 

59 

57 

II 

95 

80 

96 

80 

89 

89 

77 

98 

III 

127 

117 

126 

114 

116 

115 

105 

136 

IV 

158 

157 

164 

147 

157 

142 

139 

176 

V 

194 

197 

196 

183 

199 

171 

177 

216 

VI 

217 

238 

238 

210 

223 

200 

219 

241 

VII 

260 

272 

255 

244 

269 

249 

247 

287 

Final 

weight — 

327 

327 

304 

295 

303 

306 

306 

336 

which  these  animals  labored  when  they  were  obliged  to  take  into 
the  stomach  250  cc.  of  normal  acid  at  each  feeding  time.  There  was 
apparently,  however,  little  interference  with  digestion,  as  shown 
by  the  growth  curves.  It  appears  probable  that  it  is  at  least  as 
difficult  for  the  organism  to  neutralize  acid  thus  ingested  as 
to  neutralize  acid  produced  in  the  tissues  by  gradual  oxidation. 
When  acid  is  given  by  mouth  the  greater  part  of  it  must  be  neu- 
tralized at  once  by  whatever  material  is  most  convenient,  and 
readjustments  made  later.  It  is  possible  that  this  is  more  waste- 
ful of  fixed  bases  than  the  neutralization  of  acid  produced  grad- 
ually in  the  tissues. 
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In  addition  to  the  superimposed  acid,  the  basal  ration  itself 
contained  an  excess  of  acid-fonning  mineral  elements  amounting 
to  about  2.55  cc.  of  normal  solution  per  100  gm.  of  ration,  or 
about  60  cc.  normal  solution  per  pig  per  day.  It  should  also  be 
noted  that  the  basal  ration  we  fed  was  nearly  as  high  in  potential 
acidity  as  would  be  possible  in  a  satisfactory  ration  for  growing 
pigs.  The  amount  of  acid  superimposed  upon  this  ration  was 
more  than  eight  times  the  amount  of  the  natural  potential 
acidity  of  the  feed.  Under  these  circumstances  slight  variations 
in  the  rate  of  growth,  etc.;  are  of  little  importance  when  the  in- 
terpretation is  made  from  the  standpoint  of  natural  rations  and 
their  low  potential  acidity. 


TABLE  III. 
Comparative  Data. 


Average  initial  weight  per  pig 

"        final  weight 

"        daily  gain  per  pig 

"  "     feed 

"  "        "     per  100  lbs.  live  wt. 

"        feed  to  produce  100  lbs.  gain . . . 

"        daily  gain  per  pig  for  first  five 

periods  only 


IX)tI 

Lot  II 

IX)t  III 

lb9. 

Iba. 

lb9. 

58.6 

59.0 

57.0 

327.4 

299.4 

304.4 

1.28 

1.14 

1.18 

5.62 

5.26 

5.51 

3.15 

3.05 

3.24 

439.4 

460.0 

467.4 

1.13 

1.10 

1.03 

Lot  IV 

Iba. 

58.3 
320.7 
1.25 
5.57 
3.12 
445.8 

1.14 


Some  significant  comparative  data  showing  the  average  daily 
gain,  etc.,  in  each  lot,  are  given  in  Table  III.  The  table 
shows  clearly  the  relative  gains  in  weight  of  the  four  lots.  Lot 
I  (control)  made  a  little  better  gain  and  somewhat  more  eco- 
nomically than  the  others.  The  record  made  by  Lot  I  was  ex- 
ceptionally good.  Lot  II  (sulfuric  acid)  made  the  least  daily 
gain,  but  the  difference  is  not  veiy  great,  perhaps  not  much 
greater  than  variations  due  to  individuality.  It  should  also  be 
noted  that  Lot  II  consumed  less  feed  per  day  and  per  100  pounds 
live  weight.  All  lots  received  the  same  amount  of  feed  until 
the  last  50  days,  when  each  lot  was  allowed  as  much  feed  as  it 
would  readily  consume.  Part  of  the  variations  shown  are  due  to 
this  change  in  treatment,  since  the  lot  fed  sulfuric  acid  would 
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not  consume  so  much  feed  as  the  others,  presumably  on*  account 
of  the  admixture  of  strong  acid. 

The  average  daily  gain  per  pig  for  the  first  five  periods  only, 
when  all  lots  were  being  fed  the  same  amount  of  feed,  shows  more 
accurately  the  performance  of  the  various  lots  than  the  average 
for  the  whole  experiment  and  checks  well  with  other  averages 
for  the  various  periods.  It  will  be  noted  that  the  rates  of  gain 
in  Lots  II  and  III  are  still  a  little  below  Lot  IV  as  well  as  below 
the  control  lot.  However,  there  are  other-  factors  to  be  taken 
into  consideration  in  the  case  of  Lot  II  which  have  already  been 
discussed. 

The  organic  acids  fed  Lots  III  and  IV  were  apparently  oxi- 
dized, as  early  morning  samples  of  urine  taken  at  intervals  showed 
no  higher  ammonia  content  than  the  urine  of  the  control  lot. 

TABLE  IV 


Animal  No. 

Lot. 

pH 

460 

1 

7.2 

465 

I 

7.1 

46] 

11 

7.1 

463 

II 

7-.0 

464 

III 

7.1 

467 

IV 

7.2 

Growth  and  well  being  in  these  lots  were  entirely  comparable 
with  the  control  lot.  No  change  in  the  growth  curves  was  noted 
when  the  acids  were  interchanged  in  Period  V  (Table  I).  Further 
data  on  these  questions  are  given  in  the  second  paper  of  this 
series. 

Near  the  end  of  the  last  acid-feeding  period,  samples  of  blood 
were  taken  from  several  of  the  animals  and  the  hydrogen  ion 
concentration  was  determined  by  the  method  of  Levy,  Rowntree, 
and  Marriott."  The  results  (Table  IV)  show  definitely  that 
neither  the  organic  nor  mineral  acids  used  disturbed  the  reaction 
of  the  blood,  and  demonstrate  the  efficiency  of  the  protective 
mechanism  against  acids. 

"  Cf .  Hawk,  P.  B.,  Practical  physiological  chemistry,  Philadelphia, 
5th  edition,  1916.  288. 
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Reproduction  Test. 

The  two  animals  in  Lot  II,  after  the  last  control  period  of  the 
preceding  experiment  (see  Table  I),  and  after  a  10  day  control 
period  during  which  they  were  treated  for  worms  (using  santonin 
and  calomel)  with  negative  results,  were  continued  on  the  same 
ration  plus  500  cc.  of  normal  sulfuric  acid,  just  as  before.  The 
•  acid  feeding  began  again  on  May  12,  1917,  and  the  two  animals 
Nos.  461  and  463,  were  bred  on  April  19  and  June  5,  respectively. 
Except  for  a  few  feeds  during  the  extremely  hot  weather  these 
animals  ate  well,  remained  in  thrifty  condition,  and  each  received 
500  cc.  of  normal  acid  daily. 

On  August  12,  Animal  461  farrowed  eight  strong  vigorous  piga 
which  suckled  normally  for  more  than  a  week,  when  seven  of 
them  died  within  a  day  or  two.  The  last  one  was  killed  acci- 
dentally when  nearly  a  month  old.  The  possibiUty  of  some  toxic 
quality  in  the  milk  is  noft  excluded,  but  seems  unlikely.  We  are 
obliged  to  consider  these  results  inconclusive. 

Animal  463  farrowed  three  vigorous  pigs  on  September  27. 
One  was  transferred  to  another  litter  to  check  if  possible  the  in- 
fluence of  the  milk.  Unfortunately  the  otlier  sow  killed  this  pig 
by  lying  on  it.  Of  the  other  two,  one  died  when  nearly  4  weeks 
old.  Postmortem  examination^^  showed  that  death  was  due  to 
pericarditis  resulting  from  infection,  which  could  not  be  directly 
ascribed  to  the  ration.  The  last  pig  passed  successfully  through 
the  suckling  period,  and  weighed  33  pounds  when  60  days  old. 
The  results  in  this  case  were  more  favorable,  although  not 
entirely  successful.  It  is  apparent,  however,  that  a  strongly 
acid  ration  did  not  interfere  with  prenatal  development  at  leasts 
and  the  trouble  may  have  been  due  to  some  cause  outside  the 
ration. 

Qualitative  tests  made  on  the  milk  of  Sow  463  showed  it  to  be 
neutral  in  reaction,  normal  in  appearance  and  odor,  with  a  trace 
of  sulfates,  and  a  positive  test  for  calcium  in  the  milk  serum. 
It  should  also  be  noted  that  the  urine  of  this  sow  showed  no  evi- 
dence of  glycosuria  or  albuminuria. 

*^  Postmortem  examination  was  made  by  Dr.  W.  W.  Dimock,  Professor 
of  Veterinary  Pathology  at  Iowa  State  College. 
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Postmortem  examination  was  not  made  of  the  pigs  of  the  first 
litter,  nor  was  it  possible  to  make  slaughter  tests  of  the  two  sows^ 
nor  to  examine  the  character  of  their  bones.'*  The  bones  of  the 
yoimg  pigs,  however,  were  all  above  the  average  in  size,  as 
there  was  an  abimdance  of  calcium  in  the  meat  meal  tankage  of 
the  ration.  This  reproduction  test  will  be  repeated  at  our  ear- 
liest opportunity. 

While  the  results  in  growth  on  the  sulfuric  acid  ration  were 
successful  and  the  results  in  reproduction  fairly  good,  it  must  be 
noted  that  the  ration  was  a  good  one,  containing  an  abundance 
of  protein  and  mineral  matter,  even  though  the  excess  of  mineral 
elements  was  on  the  acid  side.  This  ration  was  not  better  than 
should  be  fed  to  insure  good  results,  but  was  merely  a  satisfactory 
ration.  If  the  ration  were  lacking  in  some  essential,  or  poor  in 
quality,  the  results  might  be  dififerent.  These  results  show,  however, 
that  if  the  other  elements  in  a  natural  ration  are  satisfactory y  it  is 
not  necessary  to  balance  the  add  and  haMc  mineral  elements  for 
growing  smne.  No  suitable  combination  of  natural  feeds  would 
contain  nearly  as  much  potential  mineral  acid  as  was  fed  in  this 
experiment,  during  which  the  animals  in  Lot  II  increased  in 
weight  from  88  to  an  average  of  370  pounds  and  successfully 
produced  young. 

The  metabolism  of  these  acids-  and  the  question  of  the  possible 
loss  of  fixed  bases  from  the  body,  are  discussed  in  the  second 
paper  of  this  series. 

SUMMARY. 

The  necessity  for  balancing  the  potential  acid  and  base  of  ra- 
tions has  been  in  dispute,  but  nutritional  failures  are  often  ascribed 
to  excess  acidity  when  other  causes  are  not  wholly  excluded. 

Four  lots  of  two  pigs  each  were  fed  equal  amounts  of  a  good 
basal  ration.  Three  of  the  lots  received  sulfuric,  lactic,  and  ace- 
tic acids  respectively,  in  amounts  up  to  500  cc.  of  normal  solution 
per  pig  per  day.  This  continued  for  150  days  of  acid  feeding. 
The  three  acid-fed  lots  grew  practically  as  rapidly  as  the  fourth 
lot,  which  was  a  control,  and  remained  in  equally  good  condition. 

"  Postmortem  on  a  pig  fed  sulfuric  acid  in  a  later  experiment  showed 
sternum,  ribs,  and  skull  normal.  Bones  were  flinty  and  hard  with  less 
marrow  than  control. 
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The  organic  acids  were  apparently  completely  oxidized,  and  the 
sulfuric  acid  was  neutralized  without  apparent  harm  or  signifi- 
cant effect  on  growth. 

The  two  pigs  fed  sulfuric  acid  were  continued  on  the  same  ra- 
tion for  4  to  6  months  longer  and  successfully  produced  young. 
Either  the  excessive  amount  of  acid  fed  or  some  other  factor, 
however,  prevented  the  successful  rearing  of  the  young. 


THE  ACm-BASE  BALANCE  IN  ANIMAL  NUTRITION. 

n.   METABOLISM  STUDIES  ON  THE  EFFECT  OF  CERTAIN  ORGANIC 

AND  MINERAL  ACIDS  ON  SWINE.* 

By  ALVIN  R.  LAMB  and  JOHN  M.  EWARD. 
(From  the  Iowa  Agricultural  Experiment  Station,  Ames,  Iowa.) 

(Received  for  publication,  December  13,  1918.) 

In  Paper  I  of  this  series  it  was  reported  that  swine  apparently 
possess  the  ability  to  maintain  normal  growth  and  well  being 
when  ingesting  considerable  amoimts  of  lactic,  acetic,  or  sulfuric 
acids  with  the  ration.  This  fact  has  made  it  necessary  to  secure 
more  definite  information  concerning  the  fate  of  these  acids  in 
the  animal  body. 

While  it  is  known  that  lactic  and  acetic  acids  are  oxidizable. 
several  observers  have  reported  traces  in  normal  urine,  thus  sug- 
gesting a  limited  ability  to  oxidize  them.  There  is  some  evidence 
that  lactic  acid  is  an  intermediate  product  in  the  oxidation  of 
glucose.  Embden^  has  shown  it  to  be  closely  related  with  alanine 
and  pyruvic  acid  in  the  organism.  While  lactic  acid  appears  in 
the  urine  in  cases  of  oxygen  starvation,  especially  in  phosphorus 
poisoning  or  asphyxiation,  it  appears  imder  normal  conditions  to 
be  completely  oxidized.  Acetic  acid  is  probably  completely  oxi- 
dized, although  the  mechanism  of  its  oxidation  is  not  known. 
It  appears  that  these  acids  should  not  tax  the  neutralizing  powers 
of  the  organism.  However,  large  quantities  of  these  two  acids 
have  not  hitherto  been  fed  to  an  animal  in  a  metabolism  cage. 

In  the  case  of  imoxidizable  mineral  acids,  while  the  mechanism 
of  neutralization  has  been  foimd  to  be  eflBcient,  various  harmful 
possibilities,  such  as  the  withdrawal  of  fixed  bases  from  the  body, 

*  Published  with  the  permission  of  the  Director  of  the  Iowa  Agricultural 
Experiment  Station. 

^  For  bibliography  on  this  subject  see  Dakin,  H.  D.,  Oxidations  and  re- 
ductions in  the  animal  body,  London,  1912. 
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have  been  suggested.'  The  influence  of  the  considerable  amounts 
of  ammonium  salts  formed  when  acids  are  neutralized  has  some- 
times  been  considered  detrimental.  Voegtlin  and  King  reported' 
that  intravenous  injection  of  ammonium  salts  (presumably  in  dogs) 
produced  symptoms  of  acid  intoxication,  which  were  relieved  by 
the  injection  of  calcium  salts.  Underhill*  also  found  some  evi- 
dence of  toxicity  when  considerable  amounts  of  ammonium 
chloride  were  given  per  os.  The  loss  of  calciimi  from  the  bones 
is  the  most  serious  possibiUty  suggested  with  regard  to  the  fixed 
bases,  which  may  be  used  in  neutralization.  However,  mislead- 
ing conclusions  have  been  drawn  on  this  subject  when  the  experi- 
mental animal  was  receiving  a  ration  too  low  in  calcium  for  proper 
nutrition.  A  single  example  of  this  will  be  cited.  Stehle^  re- 
ports a  loss  of  calciimi  when  hydrochloric  acid  was  administered 
to  a  dog.  The  diet  was,  however,  entirely  inadequate  in  lime,  as 
in  several  other  experiments  in  the  literature  where  animals  were 
fed  on  meat  alone,  without  bone.  Givens  and  Mendel*  have  re- 
cently shown  that  neither  acid  nor  alkali  exerts  any  marked 
effect  on  calcium  storage.  ^In  a  later  paper  Givens'  confirms 
these  conclusions. 

EXPERIMENTAL. 

A  vigorous  thrifty  barrow  pig  which  weighed  60  pounds  at  90 
days  of  age  at  the  beginning  of  this  work  was  placed  in  a  metab- 
olism cage  with  a  separate  feeding  stall,  a  modification  of  the  cage 
used  by  McCoUum.  The  ration  previous  to  this  experiment  had 
been  satisfactory.  The  ration  we  used  during  the  first  cage  ex- 
periment was  the  same  that  was  used  in  the  growth  experiment 
recorded  in  the  preceding  paper;  m.,  ground  corn  80  per  cent, 
meat  meal  tankage  15  per  cent,  wheat  middhngs  5  per  cent. 
The  feed  was  mixed  with  water,  and  the  acids  were  added  in  the 
same  manner  as  in  the  experiment  just  mentioned.     The  pig  was 

*  Sec  discussion  in  Paper  I  of  this  series. 

'  Voegtlin,  C,  and  King,  I.,  J.  Biol.  Chem.,  1909,  vi,  p.  xxviii. 

*  Underbill,  F.  P.,  J.  Biol.  Chem.,  1913,  xv,  327  fF. 
^  Stehlc,  R.  L.,  J.  Biol.  Chem.,  1917,  xxxi,  461. 

»  Givens,  M.  H.,  and  Mendel,  L.  B.,  J,  Biol.  Chem.,  1917,  xxxi,  421. 
'  Givens,  M.  II.,  J.  Biol.  Chem.,  1918,  xxxv,  241. 
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fed  twice  daily.    The  urine  was  collected  every  24  hours,  and  the 
feces  by  5  day  periods. 

The  pig  was  placed  in  the  cage  for  a  preliminary  period  of  5 
days  to  accustom  him  to  the  cage  and  the  ration.  The  regular 
experimental  periods  which  followed  and  the  rations  with  addi- 
tions are  shown  in  Table  I. 

TABLE  I. 


Period 
No. 

Period. 

Average 

daily 

ration. 

Acid  fed  daily. 

Weight  of 
animal. 

Iht. 

• 

Ib9. 

1 

Control,  10  days. 

1.8 

None. 

62.0 

II 

Acid,  10  days. 

2.0 

250  cc.  N  lactic. 

69.5 

III 

"       10    " 

2.0 

300  "    "  sulfuric. 

75.0 

IV 

"       10    " 

2.0 

300  "    "  acetic. 

81.0 

V 

Control,  10  days. 

2.0 

None. 

87.0 

Some  analytical  data  on  the  mixed  ration  as  used  arc  shown  in 
Table  II. 


• 

TABLE  11. 

uiO 

CaO 

MgO 

PfO. 

N 

per  rent 

11.95 

per  cent 

1.12 

percent 

0.25 

per  cent 

1.74 

per  cent 

2.85 

The  urinary  acidity  was  determined  by  titration  with  phenol- 
phthalein  according  to  Folin.  Urea  and  ammonia  nitrogen  were 
determined  by  the  method  of  Van  Slyke  and  Cullen.  Folin's 
colorimetric  method  for  creatinine  and  the  Folin-Benedict  method 
for  creatine  were  used.  Calcium  in  urine  and  feces  was  deter- 
mined by  McCrudden's  method.  Total  urinary  sulfur  was  de- 
termined by  Benedict's  method,  and  sulfate  sulfur  according  to 
FoUn. 

The  analytical  data  on  the  urine  in  the  first  experiment  are 
given  in  Table  III.  Averages  of  the  urinary  constituents  are 
given  by  periods.* 

Since  there  is  always  more  or  less  lag  in  the  response  of  the 
urinary  constituents  to  changes  in  the  ration,  a  more  nearly  cor- 

'  Credit  is  due  Mr.  W.  J.  Suer  for  much  of  the  analytical  work  reported 
in  Table  III. 
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rect  average  for  each  period  has  been  obtained  by  taking  the  last 
8  days  of  each  10  day  period.  These  figures  are  shown  in  Table 
IV. 

It  will  be  noted  that  neither  the  lactic  nor  the  acetic  acid 
(Periods  II  and  IV)  caused  any  marked  increase  in  the  ammonia 
nitrogen  excreted,  although  it  is  a  little  higher  in  Period  IV. 
The  variations  in  water  intake,  since  this  experiment  was  carried 
on  during  the  summer,  have  caused  considerable  variation  in  the 
volume  of  urine  and  the  analytical  data.  When  the  urinary 
volume,  total  nitrogen,  creatinine,  and  creatine  are  plotted  on  the 

TABLE  IV. 

I 

Urinary  Constituents,    Daily  Average  of  Last  8  Days  of  Each  Period. 


Volume,  cc 

Specific  gravity. . 
Acidity,  0.1  n,  cc 

Total  N,  (7m 

Urea  N,  gm 

NH,-N,  gm 

Creatinine  N,  gm 
Creatine  N,  (7m. . 

CaO,  gm 

Total  S,  gm 

Sulfate  S,  gm 

Unoxidized  S,  gm 


Period. 


I.  , 
control. 


851 
1.019 

272 
10.19 
7.15 
1.50 
0.311 
0.079 
0.217 
0.643 
0.582 
0.060 


laotio. 


575 
1.028 

292 
10.28 
7.46 
1.24 
0.320 
0.102 
0.232 
0.609 
0.550 
0.058 


III. 

Bulfurio. 

IV. 

acetic. 

1,026 

994 

1.026 

1.019 

414 

— 

11.85 

11.59 

5.99 

7.48 

4.00 

1.85 

0.416 

0.341 

0.066 

0.240 

0.735 

0.234 

4.715 

0.740 

4.342 

0.581 

0.373 

0.145 

V. 

control. 


742 
1.023 

10.62 
6.94 
1.54 
0.310 
0.148 
0.108 
0.679 
0.584 
0.095 


same  sheet,  it  is  evident  that  many  of  the  variations  in  these 
constituents  are  due  to  the  changes  in  the  water  intake  and  urine 
volume.  The  higher  water  intake  during  Period  IV  thus  accounts 
for  a  slight  increase  in  urinary  ammonia.  Daily  tests  for  either 
lactic  or  acetic  acid  in  the  urine  of  their  respective  periods  were 
always  negative.  It  is  probable,  therefore,  that  these  acids  were 
quite  completely  oxidized. 

In  Period  III  the  addition  of  sulfuric  acid  to  the  ration  caused 
a  large  increase  in  the  urinary  ammonia,  the  greater  part  of  which 
is  compensated  for  by  the  decrease  in  urea  excreted.  It  is  note- 
worthy that  the  creatinine  excretion  is  somewhat  higher,  although 
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McCoUum  and  Hoagland  found  no  increase  in  the  case  of  a  pig 
on  a  nitrogen-free  diet.®  It  may  also  be  noted  that  the  creatine 
nitrogen  is  no  higher  in  Period  III  than  in  Period  I.  The  extra 
creatine  excretion  in  the  two  organic  acid  periods  may  or  may 
not  be  accidental. 

The  nitrogen  balance  for  this  experiment  is  given  in  Table  V. 
It  shows  plainly  that  the  large  amount  of  sulfuric  acid  ingested 
did  not  interfere  with  nitrogen  storage,  as  was  demonstrated 
with  swine  and  calves  by  Steenbock,  Nelson,  and  Hart.^^ 

Of  the  extra  acidity  ingested,  viz.  300  cc.  normal  solution,  184 
cc.  are  accounted  for  by  the  increased  ammonia  excretion.  Ap- 
parently only  14  cc.  are  excreted  as  extra  urinary  acidity.  This 
leaves  about  100  cc.  of  normal  solution  unaccounted  for.    As 

TABLE  v. 
Nitrogen  Balance  by  Periods,    Experiment  1. 


Period. 


I,  control... 

II,  lactic 

III,  sulfuric 

IV,  acetic. . 

V,  control . . 


N  intake. 


on, 

235.91 
259.24 
259.24 
259.24 
259.24 


N  in  feces 
(dried) . 


gm, 

65.81 
71.72 
61.17 
57.88 
69.34 


N  in  urine. 


gm, 

103.66 
104.54 
113.97 
116.09 
108.84 


ToUl 
N  excreted. 


Qtn. 

169.47 
176.26 
175.14 
173.97 
178.18 


N  balance. 


gut, 

+66.44 
+82.98 
+84.10 
+85.27 
+81.06 


suggested  in  the  preceding  paper  the  greater  part  of  this  may  be 
excreted  in  the  feces,  either  combined  with  bases  or  in  some  other 
form."  The  calcium  balance  by  periods  is  shown  in  Table  VI, 
which  apparently  accounts  for  25  cc.  of  normal  solution  of  acid 
daily. 

The  extra  excretion  of  calcium  in  the  feces  in  Period  III,  de- 
creasing the  positive  balance,  may  have  been  due  to  the  formation 
of  calcium  sulfate  in  the  intestine  during  the  early  stages  of  di- 
gestion, most  of  which,  on  accoimt  of  its  relative  insolubility,  was 

•  McCollum,  E.  v.,  and  Hoagland,  D.  R.,  /.  Biol,  Chem.,  1913-14,  xvi, 
314. 

»o  Steenbock,  H.,  Nelson,  V.  E.,  and  Hart,  E.  B.,  J.  Biol.  Chem.,  1914, 
xix,  399. 

"  A  complete  mineral  analysis  of  the  feces  was  planned  but  could  not  be 
carried  out,  because  of  present  conditions. 
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excreted  as  such  in  the  feces.  We  have  already  suggested  that 
the  neutralization  of  acid  fed  by  mouth  might  be  more  wasteful 
of  fixed  base  than  the  neutralization  of  an  equivalent  amount  of 
acid  formed  in  normal  metabolism,  and  this  observation  agrees 
with  that  hypothesis.  Givens  and  MendeP  found  that  the  ad- 
ministration of  1.5  gm.  of  hydrochloric  acid  per  day  to  a  dog 
caused  a  diversion  of  calcium  from  the  intestinal  path  of  excretion 
to  the  urine,  with  no  change  in  the  calcium  balance.  Our  re- 
sults (Table  VI)  show  the  increase  in  urinary  calcium;  but  another 
increase  instead  of  a  decrease  in  the  fecal  calcium.  It  is  proba- 
bly due  to  the  difference  in  solubiUty  between  the  chloride  and 
sulfate  of  calcium,  and  also  agrees  with  our  hypothesis.  There- 
fore the  loss  of  calcium  shown  in  the  table  may  be  due  to  the  char- 

TABLE  VI. 
Calcium  Balance.    Experiment  1. 


Period. 


I,  control... 

II,  lactic 

III,  sulfuric 

IV,  acetic... 

V,  control.. 


Ca  intake, 
CaO. 

Ca 

in  feces, 

CaO. 

Ca 

in  urine, 

CaO. 

Total 
excreted. 

Balance 
periods. 

gm. 

92.54 
101.70 
101.70 
101.70 
101 . 70 

gm, 

57.64 
65.15 
69.03 
63.59 
67.53 

gm. 
2.07 
2.33 
6.89 
2.30 
1.37 

gm. 

59.71 
67.48 
75.92 
65.89 
68.90 

gm. 

+32.83 
+34.22 

+25.78 
+35.81 
+32.80 

Average 

daily 
balance. 


gm. 

+3.28 
+3.42 
+2.58 
+3.58 
+3.28 


acter  of  the  acid  and  the  method  of  administration.  One  would 
certainly  not  be  justified  in  assuming  that  if  it  were  possible  to 
find  a  wholly  satisfactory  ration  containing  a  potential  mineral 
acidity  equal  to  the  amount  of  acid  we  fed,  such  a  ration  would 
cause  the  decrease  in  positive  calcium  balance  we  have  noted 
here.  While  the  calcium  in  the  ration  was  not  more  abundant 
than  animal  husbandry  experience  would  justify  for  practical 
feeding,  it  was  high  enough  to  cause  satisfactory  storage  of  cal- 
cium. In  our  second  experiment  on  a  ration  low  in  calcium,  the 
animal  was  not  so  wasteful  of  lime  in  neutralizing  the  acid  fed, 
but  neutralized  a  larger  proportion  with  anmionia  and  phosphates. 
It  is  interesting  to  note  that  the  lactic  and  acetic  acids  in 
Periods  II  and  IV  apparently  caused  an  increased  storage  of 


"  Givens,  M.  H.,  and  Mendel,  L.  B.,  J.  Biol.  Chem.,  1917,  xxxi,  428. 
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lime.  The  following  explanation  seems  possible.  Perhaps  the 
soluble  calcium  salts  of  lactic  and  acetic  acids  were  absorbed  and 
taken  to  the  tissues  where  the  acid  radical  was  oxidized,  thus 
leaving  the  calcium  in  a  more  favorable  position  for  retention. 
The  fact  that  during  these  two  periods  the  urinary  calcium  was 
also  increased  over  the  control  periods  also  makes  it  appear  that 
the  absorption  of  calciimi  from  the  tract  in  the  form  of  these' 
soluble  salts  was  increased,  with  consequent  increase  both  in  cal- 
cium storage  and  in  urinary  calcium. 

The  hydrogen  ion  concentration  of  the  blood  was  again  deter- 
mined on  the  last  day  of  the  sulfuric  acid  period  and  found  to 
be  7.2. 

Low  Calcium  Ration. 

The  object  of  the  second  cage  experiment  was  to  determine 
the  effect  of  mineral  acid  on  the  calcium  balance  using  a  ration 
very  low  in  calcium,  and  also  to  check  the  urine  analysis  on  a 
constant  water  intake.  This  experiment  was  carried  on  in  Octo- 
ber in  a  uniformly  heated  room,  and  it  was  intended  to  allow  a 
definite  amount  of  water  throughout  the  experiment.  The  feeder 
failed  to  allow  extra  water  during  the  last  period  to  compare  with 
tl\e  vohimo  of  acid  solution  given  in  Period  II,  and  the  urine 
vohnno  d nipped  unusually  low  in  Period  III.  More  imiform 
daily  ronults  were  obtained,  however,  in  Periods  I  and  II. 

Tht*  ration  used  was  95  per  cent  of  ground  com  and  5  per  cent 
of  **|)laok  albumin,"  a  blood  product  low  in  calcium,  but  con- 
taining over  88  pov  cent  of  protein.  The  calcium  content  of  the 
mixtMl  feed  was  0.022  per  cent,  and  the  nitrogen  2.04  per  cent, 
or  enleuluKHl  as  crude  protein,  12.75  per  cent.  This  was  a  satis- 
fut^tory  ration  except  for  its  very  low  content  of  lime. 

The  analytical  methods  were  the  same  as  used  in  the  first  ex- 
pt>rin\tMit,  except  that  inorganic  sulfates  were  determined  instead 
of  total  sulfates,  which  include  a  small  amount  of  ethereal  sul- 
fates.    The  results  of  the  urine  analysis  are  given  in  Table  VII. 

.\verngos  by  jMnniHls  ari^  sliown  in  Table  VIII,  the  first  2  days 
of  eaeh  periinl  having  been  omitted  in  calculating  the  averages 
for  reasi»us  previously  mentiomnl. 

It  will  l»o  notoil  at  once  that  the  increase  in  ammonia  excretion 
irt  ^^'ate^  than  in  the  first  experiment  for  the  same  amoimt  of 


A,  R,  Lamb  and  J.  M.  Eward 


339 


Si 


o 
X 

K 

'o 

a 
o 

O 


00 


c8 

.§ 

o 


•413 
'% 
>> 

o 

GQ 

2 


s 


as 

o 


o 
a 

•*a 

a 
o 

O 


•»08»H»» 


6 

Ok 


I  I  1  I  I 


»-H  o 


fe 


0«0 


6 

Ok 


00  00  CD  a> 

gi-H   00   t>- 
^  o  o 


o  o  o  o  o 


CO 


o 

CO 


<TJ<     »0     "I* 


CO 


CO  ui 


o  o  o  o 


CO  csi 

d  d 


CO    -Tj^ 


CO  to 


s 


1-1  r* 

CO   i^ 


o  o  o  o 


CO 

_^ 

CO 
tC 


1^ 


cj  a; 

00   CO 
00  o 


CO 


"I*    C^    i-H    C^    ,-1     iM 


lO 

CO 


OC    Ci   CO 
oo    1-1 


lO 


CO 


g 


O   O   O   O  O     O 


S 

Ok 


I 


o  o  o  o 


o  ©  2 


O   "O 


o  o  o  o  o  o  o 


^1  -^ 

d  d 


O)   lO    O) 

1—1  Ci  r>« 
C^l  Cl  c^ 


O     CO 


o  o  o  o  o 


"N 


Ok 


T-i  CO  CO  CD  CO 
1-1  ^  CO  N  iO 
-^t"  »o  »o  to  ^ 


O   O  O  O  O 


o   o 


OC 
CD 


9 

d 


1-1   !>• 

CO  to 

CD   CO 


^ 

s; 


9 


CO  c^ 


oooooooo 


CO 


§ 

w 


CO 
00 


o  o  o  o  o 


a 


N-*HN 


6 

Ok 


s 


c5 


05 

to 


^ 

s 


CO 


33 


''f  00  CO  i>-  oa 
i^  o  i-H  to  »-• 

O   CO   Ci   to   C^ 


(NCSI^'Tj^'^^^'Tj^^tO 


00 


C^   1^   »o 

tio  »-i  oo 

CO   00   t* 


8 


CO   C^   »-i   »-•   »-i     c^ 


o 


•NTOJQ 


Ok 


£2g 

r-i    00 


»o  O 


CD  t«  00   Cd  00 


00 


C^   CD 

CO  CO 


3 


o  to 

1-t   CD   00 


O 


Is.     QOCDtOtOtOtOtOCD^iO 


to 


CO 
00 


CO    OS 


1(0 


CD  t^  CD   CO  to    CD 


CD 


Nrnox 


s 

Ok 


t>-   CO 


Tf      Is. 

C?l    CO 


to  ^ 
00  •-•»-•  o«  d 


d 


§ 


CO 


00 


CO 


C^OC^i-iC^OC^COOCO 


s 

N 


00 


g 

o 


o 


^  o  »^ 


CO 
00 


•KIO 


V  S  t8 

8    »-i  CO 


00   »-• 
CO   R 


o 

CO 


^    CO   CO 

r>.  Tf  r» 

CO    tO    CO 


CD 


c^  o 

CD  t^ 
Is.  CD  In. 


^ 


§ 


So 


CO    CO 
to    CO 


c^ 


§3 

•a 


g 


ooooocSoooo 


dgioedg 


t»   CO   CO    Ci 

T-I      1— •      »^       1—1 

o  o  o  o 


00 

o 


o 


go  o  CO 

^    <N    CO 


CO    CO 


o  o  o  o  o 


CO 

o 


•oumio^ 


S  ^  S  S  8 

.    ts.  »-i  1-1  O  00 

>f  «s  *s  *s 

**  T-I  1— •  T-I 


S 


©^COCOi-t^tOCO 

CO  ^^  Oi  Oi  ^^  ^^  o 


5:3 


«  §5  o 
t>.  r>-  to 


Oi 
CD 


o  0> 

©"a 


•pouaj 


eq  CO  't  to  CD 
c^  csi  w  csi  (N 


o 


0? 
eS 


s  a  8  s  j^ -"  ^  ^  ^  "^ 


o 


> 

>•    <•     o 


u 


CO  t»  00  Ci  o 
> 

o  ^  ^  >•  ^ 

,.  ^#  ^«  «•  >• 


bc 
03 


340 


Acid-Base  Balance.     II 


acid  intake.  In  the  first  experiment  the  per  cent  of  urinary  nitro- 
gen as  ammonia  was  14.7  per  cent  in  the  first  control  period  and 
33.8  per  cent  in  the  sulfuric  acid  period.  In  the  second  experi- 
ment the  figures  were  12.8  per  cent  in  the  first  control  period  and 
38.2  per  cent  in  the  acid  period.  This  may  be  due  to  the  fact  that 
there  was  very  little  calcium  available  to  hold  part  of  the  sulfuric 
acid  in  the  intestine  as  calcium  sulfate.  In  this  experiment  96 
per  cent  of  the  sulfuric  acid  ingested  was  excreted  in  the  urine, 
while  in  the  first  experiment  but  90  per  cent  appeared  in  the  urine, 
including  the  ethereal  sulfates. 

In  this  experiment  there  was  an  apparent  decrease  in  creati- 
nine excretion  during  the  acid  period,  and  a  marked  increase  in 

TABLE  vin. 
Urinary  Constituents.     True  Daily  Averages  by  Periods.    Experiment  t. 


Volume,  cc 

Specific  gravity 

Acidity,  0.1  n,  cc 

Total  N,  (7m 

Urea  N,  gm 

NH,-N,  ^ 

Creatinine  N,  gm 

Creatine  N,  gm 

CaO,  gm 

Inorganic  sulfates  as  HjS04,  gm 


Periods. 


I,  control . 


1,010 

1.018 
377 
11.37 
»^47 
1.45 
0.506 
0.0 
0.094 


II,  sulfuric. 


1,104 
1.028 
684 

12.21 
5.58 
4.66 
0.385 
0.355 
0.613 

14.143 


III,  control. 


538 
1.034 

557 
9.88 
6.33 
1.61 
0.257 
0.255 
0.112 
1.771 


creatine.  There  are  too  many  other  possible  factors  concerned  in 
the  excretion  of  these  substances  to  allow  an  explanation  with  the 
data  at  hand. 

The  extra  ammonia  excreted  during  the  acid  period  accoimts 
for  229  cc.  of  the  300  cc.  normal  solution  of  acid  ingested.  The 
extra  urinary  acidity  accounts  for  31  cc,  leaving  only  40  cc.  not 
taken  care  of  by  these  two  factors  in  the  urine.  The  calcium 
balance  data  (Table  IX)  show  that  the  difference  is  not  made  up 
by  calcium  excretion,  although  there  is  a  slight  increase  in  the 
negative  calcium  balance  over  the  average  of  the  two  control 
periods.  The  difference  between  the  balances  in  the  two  control 
periods  is  due  to  the  fact  that  the  experimental  animal  had  been 
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fed  the  high  calcium  ration  of  our  first  experiment  until  5  days 
before  the  beginning  of  the  first  control  period  of  this  experiment. 
The  preliminary  5  day  period  was  not  long  enough  to  get  rid  of 
what  might  be  considered  excess  calciimi  in  the  tissues  of  the 
animal  Therefore  for  comparison  with  the  acid  period  it  is 
necessary  in  this  case  to  take  the  average  of  the  two  control 
periods.  The  negative  calciimi  balance  throughout  is  of  course 
due  to  the  inadequate  supply  of  lime  in  the  ration.  It  should  be 
noted  that  the  extra  calcium  excretion  in  the  acid  period  is  very 

TABLE  IX. 

Calcium  Balance.    Experiment  t. 


Period. 

Ca  intake,  CaO. 

Ca 

in 
feoes, 
CaO. 

Ca 

in 
urine, 
CaO. 

Total 
CaO 

excre- 
ted. 

Ca  bal- 
ance, 
CaO. 

Averace 
daily 
bal- 

Feed. 

Water. 

Total. 

ance, 
CaO. 

I,  control,  5  days 

II,  H,S04,  10     "    

III,  control,  5  "    

1.50 
3.00 
1.50 

gm. 

0.83 
1.56 
0.79 

gm. 

2.33 
4.56 
2.29 

gm, 

5.47 
5.84 
2.12 

gm. 

0.46 
5.65 
0.88 

gm. 

5.93 

11.49 

3.00 

gm. 

-3.60 
-6.93 
-0.71 

gm_. 

-0.72 
-0.69 
-0.14 

TABLE  X. 
Nitrogen  Balance.    Experiment  t. 


Period. 


I,  control,  5  days 

II,  H,S04,    10  " 

III,  control,  5  " 


N 
intake. 


gm. 
138.92 
277.85 
138.92 


N 
in  feces 
(dried) . 


gm. 

22.13 
30.98 
18.70 


N 
in  urine. 


gm. 

54.19 

120.37 

55.82 


Total  N 
excreted. 


gm. 

76.32 

151.35 

74.52 


N  bal- 
ance (by 
periods). 


gm. 

+62.60 

+126.50 

+64.40 


Averace 

daily  N 
balance. 


gm. 

+  12.52 
+12.65 
+12.88 


sm^ll,  and  that  on  a  low  calcium  ration  the  animal  was  much 
more  economical  with  the  calcium  supply  than  in  the  first  ex- 
periment. Even  on  the  high  calcium  ration,  however,  only  5  per 
cent  of  the  very  high  acid  intake  was  apparently  neutralized  by 
calcium,  and  this  may  have  been  largely  due  to  the  insolubility 
of  the  salt  which  was  the  product  of  neutralization.  Although 
stress  has  been  laid  on  the  effect  of  natural  acid  rations  on  the 
skeleton,  an  inspection  of  the  two  calcium  balance  tables  shows 
that  the  loss  caused  by  the  very  high  amount  of  acid  we  fed  was 
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not  in  either  case  serious,  especially  in  the  first  experiment,  when 
the  ration  was  adequate  to  meet  the  normal  needs  of  the  growing 
animal. 

The  nitrogen  balance  is  shown  in  Table  X.  As  in  the  first  ex- 
periment there  was  certainly  no  interference  by  the  acid  with 
nitrogen  storage. 

We  intend  to  continue  this  work  later,  to  determine,  if  possible, 
the  fate  of  the  fraction  of  the  acid  not  yet  accoimted  for. 

SUMMARY. 

Metabolism  studies  on  a  growing  pig  were  conducted  to  secure 
definite  information  regarding  the  fate  of  ingested  lactic,  acetic, 
and  sulfuric  acids  in  the  animal  body. 

On  a  ration  containing  a  Uberal  allowance  of  calcium  it  was 
found  that  the  animal  apparently  oxidized  the  organic  acids 
completely,  with  no  increase  in  urinary  ammonia,  and  that  they 
seemed  to  bring  about  a  shghtly  increased  retention  of  calcium. 

On  the  same  basal  ration  plus  300  cc.  of  normal  sulfuric  acid 
per  day,  61  per  cent  of  the  acid  ingested  was  neutraUzed  by  mieans 
of  ammonia,  and  5  per  cent  excreted  as  phosphates.  On  another 
basal  ration  very  low  in  calcium,  extra  ammonia  excretion  ac- 
counted for  76  per  cent  of  the  acid  fed,  and  extra  urinary  acidity 
for  10  per  cent.  On  neither  ration  did  the  mineral  acid  cause  a 
significant  loss  of  calcium,  nor  did  it  interfere  with  the  storage  of 
protein. 


THE  EFFECT  OF  ACETONE  AND  OF  /3-HYDROXYLBU- 

TYRIC  AND  ACETOACETIC  ACIDS  ON 

THE  BLOOD  CATALASE. 

By  W.  E.  BURGE. 
(From  the  Physiological  Laboratory,  University  of  Illinois ,  Urbana.) 

(Received  for  publication,  January  10,  1919.) 

Of  the  great  number  of  investigators  (1)  who  have  worked 
on  the  respiratory  metabolism  in  diabetes  some  have  found  a 
decrease  in  metabolism,  some  an  increase,  while  others  have  found 
no  change  from  the  normal.  Benedict  and  Joslin  (2)  have  carried 
out  the  most  extensive  investigations  of  all  those  who  have  worked 
on  diabetes  in  man  and  found  an  increase  of  about  15  per  cent  in 
metabolism.  Benedict  suggests  that  this  increase  in  oxidation 
may  be  due  to  the  stimulation  of  the  cells  of  the  body  by  the 
accumulation  of  substances  such  as  /8-hydroxylbutyric  and  aceto- 
acetic  acids  and  acetone.  From  the  literature  it  would  seem 
that  the  preponderance  of  evidence  is  in  favor  of  those  who  claim 
that  oxidation  is  increased  in  diabetes. 

We  had  already  found  that  when  oxidation  was  increased,  as 
for  example  after  the  ingestion  of  food,  there  resulted  an  increase 
in  catalase  due  to  the  stimulation  of  its  production  by  the  ali- 
mentary glands,  particularly  the  liver,  and  that  when  oxidation 
was  decreased,  as  in  chloroform  narcosis,  there  resulted  a  corre- 
sponding decrease  in  catalase  due  to  the  direct  destruction  and 
decreased  output  of  this  enzyme  from  the  liver.  These  and  simi- 
lar  observations  were  taken  to  mean  that  catalase  is  the  enzyme 
in  the  body  principally  responsible  for  oxidation.  The  present 
investigation  was  begun  in  an  attempt  to  determine  whether  the 
introduction  into  animals  of  acetone  and  jS-hydroxylbutyric  and 
acetoacetic  acids,  substances  which  are  found  in  large  quantities 
in  severe  cases  of  diabetes,  would  stimulate  the  alimentary  glands, 
particularly  the  liver,  to  an  increased  output  of  catalase,  and  thus 
produce  an  increase  in  oxidation.     The  animals  used  were  rab- 
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bits  and  dogs.  The  jS-hydroxylbutyric  and  acetoacetic  acids  were 
given  in  the  form  of  sodium  salts.  The  amounts  of  the  substances 
will  be  given  in  the  description  of  the  individual  experiments. 
The  catalase  was  determined  by  adding  0.5  cc.  of  blood  to  diluted 
hydrogen  peroxide  at  approximately  22°C.  in  a  bottle,  and  the 
amount  of  gas  liberated  in  10  minutes  was  taken  as  a  measure  of 
the  amount  of  catalase  in  the  0.5  cc.  of  blood. 

After  exposing  the  jugular  vein  and  opening  the  abdominal 
wall  with  the  use  of  a  local  anesthetic,  quinine  and  urea  hydro- 
chloride, 5  gm.  per  kilo  of  30  per  cent  solutions  of  acetone  and 
jS-hydroxylbutyric  and  acetoacetic  acids  were  introduced  into  the 
upper  part  of  the  small  intestines  of  rabbits.  Determinations 
of  the  catalase  of  blood  taken  from  the  jugular  were  made  before 
as  well  as  at  15  minute  intervals  after  the  introduction  of  the 
materials.  The  results  of  the  determinations  are  given  in  Fig.  1. 
The  ordinates  represent  amounts  of  catalase  measured  in  cc.  of 
oxygen,  and  the  abscisssB,  time  in  minutes.  It  may  be  seen  under 
acetone  that  previous  to  the  introduction  of  this  substance  into 
the  intestine,  0.5  cc.  of  blood  liberated  285  cc.  of  oxygen  from 
hydrogen  peroxide;  30  minutes  after  the  introduction,  0.5  cc.  of 
blood  liberated  350  cc.  of  oxygen,  and  after  45  and  60  minutes,  it 
liberated  360  cc.  of  oxygen.  It  may  be  seen  also  imder  aceto- 
acetic acid  and  jS-hydroxylbutyric  acid  that  the  introduction  of 
these  substances  into  the  intestine  produced  an  increase  in  catalase. 

The  object  of  the  second  part  of  this  paper  was  to  determine 
the  mode  of  action  of  acetone  and  /S-hydroxylbutyric  and  aceto- 
acetic acids  in  producing  an  increase  in  catalase.  We  had  already 
observed  that  the  catalase  content  of  the  blood  of  the  liver  was 
always  15  to  20  per  cent  higher  than  that  of  the  blood  from  any 
other  part  of  the  body.  This  observation  was  interpreted  to  mean 
that  the  liver  was  continually  replenishing  the  blood  and  hence 
the  tissues  with  catalase.  We  ha'd  also  found  that  after  the 
ingestion  of  food  the  catalase  of  the  blood  of  the  liver  was  in- 
creased more  rapidly  than  that  from  any  other  part  of  the  body. 
This  observation  was  taken  to  mean  that  the  absorbed  food  ma- 
terials, being  carried  to  the  liver,  were  stunulating  this  organ  to 
an  increased  output  of  catalase.  It  was  also  found  that  when 
the  liver  was  cut  out  of  the  circulation  bv  means  of  an  Eck 
fistula  and  by  tying  off  the  hepatic  arteries,  the  introduction 
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of  ethyl  alcohol  into  the  alimentary  tract  produced  a  very  small 
or  no  increase,  whereas  normally  this  substance  produces  a  large 
increase  in  catalase.  From  these  observations,  the  conclusion 
was  drawn  that  the  Uver  is  the  principal  organ  in  which  catalase 
is  formed  and  given  off  to  the  blood.     Stated  more  specifically. 
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Fia.  1.  Curves  showing  the  increase  produced  in  the  catalase  of  blood 
of  rabbits  by  the  introduction  into  the  intestine  of  acetone,  yj-hydroxyl- 
butyric  acid,  and  acetoacetic  acid. 


the  second  part  of  this  paper  is  concerned  with  determining 
whether  the  increase  in  catalase  after  the  introduction  of  acetone 
and  ^-hydroxylbutyric  and  acetoacetic  acids  is  due  to  the  stimu- 
lation of  the  Uver  to  an  increased  output  of  this  enzyme. 

After  etherizing  dogs  and  opening  the  abdominal  wait,  5  gm.  per 
kilo  of  30  per  cent  solution  of  acetone,  /3-hydroxylbutyric  acid, 
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and  acetoacetic  acid  were  introduced  into  the  upper  part  of  the 
intestine.  The  catalase  in  0.5  cc.  of  blood  taken  directly  from 
the  liver  and  the  portal  and  jugular  veins  was  determined  before 
as  well  as  at  15  minute  intervals  after  the  introduction  of  the 
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Fic.  2.  Curves  abowing  the  increase  in  the  catalase  of  the  blood  of  the 
liver  and  portal  and  jugular  veins  produced  by  the  introduction  of  acetone 
and  0'hydroxylbutyrio  and  Dceto-acctic  acida  into  the  intestine  of  doge. 
The  iJolid  line  curves  show  amount  of  catalase  in  the  blood  of  the  liver, 
broken  line  curves  the  amount  in  the  portal  vein,  and  the  dotted  line 
curves  the  amount  in  the  blood  of  the  jugular  vein. 


(iiffercnt  materials.  The  blood  of  the  liver  was  collected  from  a 
superficial  incision  made  in  this  organ.  The  results  of  the  deter- 
minations are  piven  in  Fig.  2.  The  ordinates  represent  amouDts 
of  catiilaso  measured  in  cc.  of  oxygen,  and  the  abscissie,  time  in 
ininutc.s:.     The  solid  line  curves  were  constructed  from  data  ob- 
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tained  from  the  blood  of  the  Uver,  the  broken  line  curves  from 
the  blood  of  the  portal  vein,  and  the  dotted  line  curves  from 
the  blood  of  the  jugular  vein.  It  may  be  seen  under  acetone  that 
previous  to  the  introduction  of  this  material  into  the  intestine,  0.5 
cc.  of  blood  from  the  liver  liberated  78  cc.  of  oxygen  from  hydro- 
gen peroxide,  while  0.5  cc.  of  blood  from  the  portal  and  jugular 
veins  Uberated  75  cc.  30  minutes  after  the  introduction  of  the 
acetone,  the  catalase  of  the  blood  of  the  liver  and  the  portal  and 
jugular  veins  was  increased  as  indicated  by  the  increase  in  the 
amount  of  oxygen  liberated  from  hydrogen  peroxide.  The  cata- 
lase of  the  blood  of  the  liver  was  increased  particularly  during  the 
first  15  minutes  to  a  greater  extent  than  that  of  the  portal  or 
jugular  veins.  This  is  taken  to  mean  that  the  acetone  was  stimu- 
lating the  liver  to  an  increased  output  of  catalase.  It  may  be  seen 
also  that  the  introduction  into  the  intestine  of  the  acetoacetic 
and  /8-hydroxylbutyric  acids  produced  an  increase  in  catalase. 

SUMMARY. 

The  increased  oxidation  in  diabetes  is  attributed  to  the  increase 
in  catalase  which  is  due  to  the  stimulation  of  the  liver  to  an  in- 
creased output  of  this  enzyme  by  acetone  and  /8-hydroxylbutyric 
and  acetoacetic  acids. 
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LACTOSE,  FAT,  AND  PROTEIN  IN  MILK  OF  VARIOUS 

ANIMALS. 

By  otto  FOLIN,  W.  DENIS,  and  A.  S.  MINOT. 

{From  the  Biochemical  Laboratories  of  the  Harvard  Medical  School  and  of 

the  Massachusetts  General  Hospital,  Boston.) 

(Received  for  publication,  January  20,  1919.) 

During  the  past  year  we  published  descriptions  of  two  methods^ 
for  the  determination  of  lactose  in  milk,  by  means  of  which  we 
were  able  to  determine  the  sugar  in  milk  rapidly,  and  with  a 
considerable  degree  of  accuracy.  These  methods  have  also  the 
advantage  that  they  may  be  carried  out  on  relatively  small  quan- 
tities of  material,  a  factor  of  importance  when  the  milk  of  small 
animals  is  to  be  studied.  In  Tables  I  to  III  we  have  collected 
the  results  obtained  by  the  use  of  our  method  in  the  examination 
of  the  milk  of  various  animals.  For  the  sake  of  completeness  we 
have  also  included  the  figures  for  fat  and  protein. 

Fat  was  determined  by  the  Babcock  method  for  the  larger  ani- 
mals, while  in  the  guinea  pig,  the  rabbits,  the  cats,  and  the  dog 
we  have  employed  Bloor^s  nephelometric  method^  which  requires 
but  1  cc.  of  milk  for  duplicate  determinations.  Protein  was  cal- 
culated from  the  nitrogen  figures  obtained  by  the  Kjeldahl- 
Gunning  method. 

The  figure  given  for  cow^s  milk  is  an  average  of  the  analysis 
of  the  milk  of  twenty-one  cows  from  the  Hospital  dairy;  these  cows 
included  eleven  Holstein,  four  Jersey,  and  six  of  nuxcd  breed. 

We  are  indebted  to  Dr.  Fritz  Talbot  for  the  samples  of  milk  of 
the  goat,  sheep,  dog,  mare,  and  women. 

The  data  obtained  on  the  cats  and  rabbits  cover  practically 
the  entire  period  of  active  lactation,  as  we  discontinued  milking 
these  animals  only  when  the  amount  of  milk  obtainable  was  so 
small  as  to  be  inadequate  for  analysis.  Our  cats  were  fed  on 
lean  beef  and  whole  milk,  the  rabbits  on  oats  and  cabbage. 

*  Folin,  O.,  and  Denis,  W.,  J.  Biol.  Chew.,  1018,  xxxiii,  521. 
*Bloor,  W.  R.,  J.  Am.  Chvm.  Sac,  1914,  xxxvi.  1300. 
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TABLE  I. 
Analyses  of  Rabbit's  Milk, 


Date  of 
milking. 

Lactose. 

Fat. 

Protein. 

Remarks. 

1918 

percent 

percent 

per  cent 

Mar.  23 

1.45 

8.7 

13.75 

Rabbit  1.  Delivered  Mar.  12. 

"     25 

2.00 

8.4 

14.3 

"     29 

2.00 

6.3 

10.1 

Apr.      1 

1.60 

15.3 

11.8 

"     10 

0.90 

33.0 

13.12 

Very  little  milk.  Young  rabbit  practi- 
cally weaned. 

Apr.     9 

1.00 

18.33 

• 

11.37 

Rabbit  4.  Delivered  1.00  p.m.,  Apr.  9. 
First  milk  taken  4.00  p.m.  of  same  day. 

*'     10 

1.60 

17.60 

11.80 

«     12 

2.60 

14.40 

11.37 

"     16 

2.40 

14.0 

13.12 

"     20 

1.90 

13.6 

13.57 

t 

"     25 

2.00 

16.0 

11.37 

May     1 

1.90 

13.2 

12.23 

Apr.    18 

1.1 

44.4 

21,87 

Rabbit  5.  Delivered  Apr.  18,  a.m.  First 
milk  obtained  about  4  hrs.  later. 

"     20 

1.8 

13.4 

14.00 

• 

"     25 

1.9. 

15.75 

» 

May      1 

1.8 

16.6 

11.8 
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TABLE  II. 
Analyses  of  Cat* 8  Milk, 


Date  of 

milkiDg. 


1918 

Mar.  25 
"     26 

Apr.  2 
10 
12 


« 


u 


it 


16 
"     20 
May   31 

Apr.    11 


(( 


12 
16 
20 
25 
May      1 


« 


« 


« 


Apr. 


« 


9 
12 
16 
20 
23 


Lactose. 

Fat. 

Protein. 

per  cent 

percent 

percent 

2.3 

2.5 

10.5 

6.5 

4.0 

10.6 

9.6 

3.8 

10. 6 

10.9 

3.8 

10.5 

15.3 

3.4 

17.3 

11.7 

3.9 

8.2 

10.5 

4.0 

9.2 

10.9 

2.4 

25.5 

10.9 

2.3 

10.3 

15.3 

3.9 

13.6 

3.9 

10.0 

8.3 

3.8 

7.0 

6.5 

3.8 

6.2 

10.5 

3.0 

18.1 

7.87 

3.0 

14.3 

9.62 

2.9 

12.3 

14.00 

3.9 

8.3 

9.62 

3.8 

8.6 

10.00 

Remarks. 


Cat  1.  Five  kittens  born  Mar.  24,  p.m. 


Cat  2.  Three  kittens  born  during  night 
of  Apr.  10-11. 


Cat  3.  Six  kittens  born  5  p.m.,  Mar.  25. 
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TABLE  III. 

Analyses  of  the  Milk  of  Various  Animals. 


Animal. 


Guinea  pig. 

Pig. 
Goat  1. 

"     2. 

"     3. 

"     4. 

Sheep. 

Dog. 

Marc  1. 

"      2. 
"      3. 

Kabbit. 

Cat. 

Cow. 

Woman. 


Lactose. 

Fat. 

Protein. 

per  cent 

per  cent 

per  cent 

3.0 

8.3 

8.75 

4.0 

3.68 

7.93 

4.7 

2.4 

2.14 

4.9 

5.4 

2.44 

5.46 

4.2 

3.32 

5.2 

3.7 

3.72 

5.4 

2.6 

5.00 

2.6    . 

10.0 

10.60 

8.5 

0.9 

2.40 

7.7 

1.0 

2.70 

8.0 

1.6 

2.70 

7.4 

0.1 

1.72 

1.8 

12.1 

11.4 

3.4 

10.9 

11.1 

4.54 

7.06 

1.30 

Remarks. 


Milk  taken  24  hrs.  after  delivery. 

5wks.    "  « 

Pure    Saanen     (Swiss)     goat.    Milk 

taken  8  wks.  after  kidding. 
Grade  |  Anglo-Nubian  goat.    Milk 

taken  4§  mos.  after  kidding. 
Grade   Anglo-Nubian    goat,    50    per 

cent    pure.    Milk   taken   2}    mos. 

after  kidding. 
Common  American  goat.    Milk  taken 

3  mos.  after  kidding. 
Hampshire.    4  yrs.  old.    Milk  taken 

2 J  mos.  after  delivery. 
Russian  wolf  hound.    Pups  3  days 

old. 


Before  being  nursed  by  foal. 

After        "  "         "      " 

Average    of    results    on   3  samples. 

Foal  3 J  mos.  old. 
Average  of  results  on  19  samples  of 

milk  from  6  rabbits. 
Average  of  results  of  26  samples  of 

milk  from  4  cats. 
Average    of    results    on    milk    from 

21  cows. 
Average  of  results  on  milk  from  87 

normal  women. 
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About  a  year  ago  work  was  commenced  on  a  study  of  the  non- 
protein fraction  of  milk.  When  this  investigation  was  planned  it 
was  believed  that  the  methods  now  in  use  for  the  determination  of 
the  non-protein  constituents  of  blood  could  be  used  with  advantage 
for  the  analysis  of  milk.  Preliminary  experiments  soon  proved, 
however,  that  our  supposition  was  incorrect.  The  relatively  large 
amounts  of  lactose  and  of  fat  present  in  milk,  and  the  difference 
in  the  chemical  properties  of  the  proteins  of  milk  as  compared  with 
those  of  blood,  have  made  it  necessary  for  us  to  spend  a  consider- 
able amount  of  time  on  working  out  analytical  methods  to  fit  our 
needs.  The  methods  described  below  have  been  used  by  us  in 
the  examination  of  a  considerable  number  of  samples  of  cow^s  and 
human  milk  and  with  this  material  have  given  good  results. 

Totul  Non^Protein  Nitrogen. 

A  necessary  preliminary  to  the  determination  of  non-protein 
nitrogen  in  milk  is  a  procedure  for  removing  not  only  the  protein, 
but  also  lactose  and  fat.  The  necessity  of  complete  removal  of 
protein  is  obvious,  and,  while  it  might  be  possible  to  devise  some 
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method  of  oxidation  which  would  cope  successfully  with  the 
problem  of  oxidizing  the  largie  quantities  of  fat  and  sugar  present 
in  milk,  the  easiest  solution  of  the  question  lies  in  preliminary 
removal  of  these  substances. 

Several  procedures  have  been  proposed  for  this  determination. 
The  older  investigators  use  alcohol  as  a  protein  precipitant. 
Ritthausen^  and  later  Munk^  have  recommended  cupric  hydrox- 
ide, Siebelein^  has  made  extensive  use  of  tannic  acid,  while  Simon^ 
has  obtained  good  results  with  w-phosphoric  and  trichloroacetic 
acids. 

•  In  the  procedure  described  below  the  desired  result  is  obtained 
by  two  precipitations;  in  the  first  protein  and  fat  are  removed 
by  means  of  copper  sulfate  and  heat,  while  in  the  second  the  lac- 
tose is  disposed  of  by  means  of  cupric  hydroxide.  We  have 
found  that  the  method  of  Salkowski^  for  the  precipitation  of  glu- 
cose by  alkaline  copper  solutions  may  also  be  applied  to  lactose, 
but  have  found  the  use  of  calcium  hydroxide  as  recommended 
by  Van  Slyke*  superior  for  our  purpose  to  the  sodium  hydroxide 
used  by  Salkowski,  as  the  excess  of  calcimn  hydroxide  remaining 
in  solution  may  be  easily  and  quantitatively  precipitated  as 
calcium  oxalate.  Ammonium  salts,  urea,  creatine,  and  creatinine 
may  be  carried  through  the  above  precipitations  without  loss. 
Uric  acid  is  completely  precipitated  so  that  our  results  do  not  in- 
clude the  nitrogen  of  this  substance.  As  the  uric  acid  nitrogen 
of  milk  is  but  a  small  fraction  of  the  total  non-protein  nitrogen, 
the  error  due  to  its  loss  is  small.  For  some  time  we  found  it  im- 
possible to  effect  even  an  approximately  complete  recovery  of 
amino-acids;  in  some  cases  as  much  as  65  per  cent  of  the  amino 
nitrogen  added  (in  the  form  of  alanine  or  leucine)  was  lost  dur- 
ing the  process.  The  property  possessed  by  amino-acids  to  pre- 
cipitate in  the  form  of  insoluble  copper  compounds,  when  these 
bodies  are  treated  with  alkaline  cupric  hydroxide,  has  long  been 
known  and  has  of  recent  years  been  made  use  of  by  Kober  and 

*  Ritthausen,  H.,  J .  prakt.  Chcm.,  1S77,  xv,  329. 

*  Munk,  I.,  Virchows  Arch.  path.  Anat.,  1S03,  cxxxiv,  501. 
'  Sicbelein,  J.,  Z.  physiol.  Chcm.,  1889.  xiii.  157. 

*  Simon,  G.,  Z.  physiol.  Chem.,  1901,  xxxiii,  466. 

*  Salkowski,  E.,  Z.  physiol.  Chem.,  1879,  iii,  79. 

*  Van  Slyke,  D.  D.,  J.  Biol.  Chem.,  1918,  xxxii,  455. 
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Sugiura^  for  the  quantitative  detennination  of  amino  nitrogen. 
We  have  found  it  possible  to  prevent  the  formation  of  these  in- 
soluble amino-copper  compounds,  and  incidentally  to  obtain 
complete  recovery  of  amino-acids  carried  through  the  three  pre- 
cipitations, by  the  addition  of  a  small  amount  of  ammonia-free 
formaldehyde,  after  the  first  precipitation  and  before  the  addition 
of  lime. 

The  method  as  finally  worked  out  for  use  with  cow's  milk  is 
as  follows:  10  cc.  of  milk  are  pipetted  into  a  100  cc.  volumetric 
flask,  and  to  this  are  added  approximately  50  cc.  of  water  and  20 
cc.  of  10  per  cent  copper  sulfate  solution  to  which  has  been 
added  a  sufficient  amount  of  sulfuric  acid  to  make  a  0.005  n  solu- 
tion. The  flask  is  shaken  and  placed  in  a  boiling  water  bath  for 
20  minutes.  It  is  then  removed  from  the  water  bath,  cooled, 
made  up  to  volume  with  distilled  water,  and  the  contents  are 
filtered  through  a  dry  filter  paper.  75  cc.  of  this  filtrate  are  trans- 
ferred to  a  100  cc.  volumetric  flask  and  treated  with  1  cc.  of  30 
per  cent  formaldehyde  and  20  cc.  of  a  10  per  cent  suspension  of 
calcium  oxide,  and  after  standing  at  room  temperature  for  30  min- 
utes the  solution  is  made  up  to  volume  and  filtered  through  a  dry 
filter  paper.  The  prescribed  time  given  for  the  precipitation 
should  not  be  curtailed,  as,  if  this  is  done,  complete  precipitation 
of  lactose  will  not  be  secured.  If,  on  the  other  hand,  the  time  of 
standing  is  unduly  prolonged  to  an  hour  or  more,  decomposition 
of  the  formaldehyde  begins  with  slow  evolution  of  gas  and  con- 
sequent foaming  and  loss  of  material. 

The  filtrate  should  be  clear  and  colorless,  free  from  lactose, 
and  practically  free  from  all  but  minute  traces  of  copper.  This 
filtrate  is  then  treated  with  0.80  gm.  of  a  mixture  consisting  of 
five  parts  of  powdered  oxalic  acid  and  two  parts  of  powdered 
potassium  oxalate  and  centrifuged  to  remove  the  precipitated 
calcium  oxalate. 

While  the  amount  of  precipitant  recommended  removes  in  the 
great  majority  of  cases  all  the  calcium,  it  is  well,  after  the  tubes 
are  removed  from  the  centrifuge,  to  add  a  small  crystal  of  oxalate 
to  make  sure  that  the  precipitation  is  complete.  20  cc.  of  this 
filtrate  (which  is  equivalent  to  1.5  cc.  of  milk)  are  pipetted  into  a 

^  Kober,  A.,  and  Sugiura,  K.,  J.  Am.  Chem.  Soc,  1913,  xxxv,  1546. 
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20  by  200  mm.  pyrex  glass  test-tube;  a  glass  bead  or  fragment  of 
quartz,  and  1  cc.  of  a  digestion  mixture  prepared  by  mixing  100  cc. 
of  85  per  cent  phosphoric  acid,  300  cc.  of  concentrated  sulfuric 
acid,  and  15  cc.  of  10  per  cent  copper  sulfate  solution  are  added, 
and  the  mixture  is  evaporated  almost  to  dryness  either  with  a 
direct  flame  or  in  a  bath  of  saturated  calcium  chloride  solution. 
WTien  practically  all  the  water  has  been  driven  ofif,  the  tube  is 
heated  by  means  of  a  microburner  for  1  minute  after  the  contents 
become  colorless.  During  the  final  period  of  heating  the  mouth 
of  the  tube  should  be  kept  covered  by  means  of  a  watch-glass  or 
an  inverted  25  cc.  Erlenmeyer  flask.  The  total  time  of  heating 
after  the  evaporation  has  been  completed  should  not  consume 
more  than  3  minutes.  As  soon  as  the  tube  and  its  contents  have 
cooled,  water  is  added  and  the  ammonia  determined  either  colori- 
metrically  by  direct  Nesslerization  according  to  the  method  for 
the  determination  of  non-protein  nitrogen  in  blood  described  by 
Folin  and  Denis,*  or  by  titration  with  0.02  n  sodium  hydroxide 
and  methyl  red  after  aeration  according  to  the  method  of  Folin 
and  Farmer,®  or  distillation  according  to  the  procedure  of  Bock 
and  Benedict.^^  In  practically  all  of  our  work  we  have  used  the 
colorimetric  method,  but  we  have  had  suflScient  experience  with 
the  other  procedures  to  know  that  good  results  are  obtainable. 

While  the  procedure  outlined  above  gives  excellent  results 
with  cow's  milk,  it  requires  considerable  modification  as  regards 
the  first  precipitation  before  it  can  be  used  satisfactorily  with 
human  milk.  When  human  milk  is  to  be  used,  the  precipitation 
of  protein  and  fat  is  conducted  as  follows: 

To  10  cc.  of  milk  contained  in  a  100  cc.  volumetric  flask  are 
added  20  cc.  or  10  per  cent  copper  sulfate  solution  (which  should 
not  contain  added  sulfuric  acid  as  called  for  in  the  directions  for 
use  with  ccw'j  milk),  about  30  to  50  cc.  of  water,  and  1.5  cc.  of 
10  per  cent  disodium  phosphate  solution.  The  flask  is  heated  for 
20  to  30  minutes  in  a  boiling  water  bath,  then  cooled,  made  up  to 
volume  with  distilled  water,  and  filtered  through  a  dry  filter  paper. 
The  remainder  of  the  process  is  carried  out  as  described  for  cow's 
milk. 

*  Folin,  O.,  and  Denis,  W.,  J.  Biol.  Chem.,  1916,  xxvi,  473. 

•  Folin,  0.,  and  Farmer,  C.  J.,  ./.  Biol.  Chcm.,  1912,  xi,  493. 

»o  Bock,  J.  C,  and  Benedict,  S.  R.,  J.  Biol.  Chem.,  1915,  xx,  47. 
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In  Table  I  are  given  a  few  of  the  results  obtained  when  known 
amounts  of  pure  solutions  of  some  of  the  constituents  of  the  non- 
protein fraction  of  milk  were  carried  through  the  process  outlined 
above. 

TABLE  I. 
Results  on  Recovery  of  Several  Constituents  of  Non-Protein  Fraction  of  Milk. 


Substance  added. 

Qiiantity  added. 

Quantity 
recovered. 

Urea 

mg. 

2.00 
3.00 
5.00 
0.50 
1.00 
2.00 
0.50 
2.00 
0.15 
1.00 
0.50 
2.00 
0.20 
1.00 
2.00 

mg. 
1.90 

« 

2.93 

« 

5.10 

Alanine  N 

0.54 

«       « 

0.98 

«       « 

1.98 

Leucine  N 

0.50 

it       « 

2.00 

Creatinine 

0.16 

it 

0.98 

Creatine 

0.50 

« 

1.97 

Uric  acid 

0 

«        « 

0 

((        (( 

0 

Urea. 

Urea  may  be  determined  by  Marshall's  urease"  method  which 
is  well  suited  for  use  with  milk.  We  have  found  it  more  convenient 
for  our  purpose  to  determine  the  ammonia  produced  from  the  urea 
colorimetrically  instead  of  by  titration  as  recommended  by 
Marshall.  The  procedure  as  used  by  us  contains  no  new  features 
and  the  description  given  below  is  inserted  here  merely  for  com- 
pleteness. 

3  cc.  of  human,  or  5  cc.  of  cow's  milk,  are  allowed  to  stand  for 
30  minutes  in  contact  with  2  cc.  of  an  extract  of  Jack  bean.  1  gm. 
of  solid  potassium  carbonate  and  one  to  two  drops  of  kerosine  are 
then  added,  and  the  mixture  is  aerated  for  15  minutes.  The  am- 
monia is  collected  in  a  100  cc.  volumetric  flask  containing  2  cc.  of 
0.1  N  hydrochloric  acid  and  25  cc.  of  water.     At  the  expiration 

"  Marshall,  E.  K.,  Jr.,  J.  Biol.  Chem.,  1913,  xiv,  283. 
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of  the  period  of  aeration  the  contents  of  the  flask  are  made  up 
with  distilled  water  to  a  volume  of  60  to  70  cc.  and  there  are 
added  15  cc.  of  Nessler's  solution;  distilled  water  is  then  added 
to  the  mark  and  the  solution  read  in  a  colorimeter  against  a  suit- 
able standard.  For  normal  milk,  the  most  convenient  standard  is 
one  containing  0.5  mg.  of  ammonia  nitrogen  in  a  volume  of 
100  cc. 

Creatinine  and  Creatine, 

•  The  only  quantitative  method  for  the  determination  of  creati- 
nine and  creatine  in  milk  is  that  of  Folin.^*  This  method  (as  re- 
gards its  application  to  blood)  has  recently  received  severe  criti- 
cism from  several  sources."  When  an  attempt  was  made  to  use 
this  procedure  it  was  found  that  the  strictures  attached  to  the 
method  for  blood  analysis  also  apply  in  the  case  of  milk  examina- 
tion; in  fact,  the  rapid  increase  in  color  noted  when  blood  filtrates 
are  used,  an  increase  which,  as  has  been  pointed  out,  is  not  in 
proportion  to  changes  taking  place  in  the  creatinine  standard,  is 
even  more  pronounced  in  milk  than  in  blood. 

Recourse  was  therefore  had  to  a  procedure  which  has  in  our 
hands  given  good  results  with  blood.^*  This  modification  consists 
in  the  use  of  m-phosphoric  acid  as  a  protein  precipitant  instead  of 
picric  acid  as  recommended  in  the  original  Folin  method.  While 
this  m-phosphoric  acid  filtrate  gave  good  results  with  blood,  it 
was  found  that  in  the  case  of  milk  the  results  were  no  better  than 
those  obtained  by  the  picric  acid  precipitation.  It  was  possible  to 
prove  experimentally  that  the  rapid  increase  in  color,  obtained 
when  alkali  and  picric  acid  are  added  to  deproteinized  milk 
filtrates  (whether  the  protein  precipitant  consisted  of  m-phos- 
phoric, trichloroacetic,  or  picric  acid)  is  largely  if  not  entirely 
due  to  the  relatively  high  lactose  content  of  these  filtrates;  the 
problem  of  securing  a  method  for  the  relatively  accurate  deter- 
mination of  creatinine  and  creatine  in  milk  may  therefore  be 
solved  in  one  of  two  ways.     In  the  first  we  have  added  to  the 

15  Folin,  O.,  /.  Biol.  Chem.,  1914,  xvii,  475. 

"Wilson,  D.  W.,  and  Plass.  E.  D.,  J.  Biol.  Chem.,  1917,  xxix,  413. 
Hunter,  A.,  and  Campbell,  W.  R.,  ibid.,  1917,  xxxii,  195.  Greenwald,  I., 
and  McGuire,  G.,  ibid.,  1918,  xxxiv,  103. 

1*  Denis,  W.,  /.  Biol.  Chem.,  1918,  xxxv,  513. 
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standard  creatinine  solution  an  amount  of  lactose  equivalent  to 
that  contained  in  the  filtrate,  as  a  result  of  which  unknown  and 
standard  darken  at  the  same  rate  of  speed.  The  procedure  is  as 
follows: 

10  cc.  of  milk  contained  in  a  50  cc.  volumetric  flask  are  treated 
with  an  equal  volume  of  water  and  3  cc.  of  a  freshly  prepared  20 
per  cent  solution  of  m-phosphoric  acid,  and  after  standing  for  an 
hour  the  flask  is  filled  to  the  mark  with  distilled  water  and  the 
contents  are  mixed  and  poured  on  a  dry  filter.  For  the  deter- 
mination of  preformed  creatinine,  10  cc.  of  this  filtrate  are  trans- 
ferred to  a  25  cc.  volumetric  flask  containing  10  cc.  of  picric  acid 
solution  (1.2  per  cent)  and  1.5  cc.  of  10  per  cent  sodium  hy- 
droxide. After  standing  at  room  temperature  for  10  minutes  the 
solution  is  diluted  to  volume,  placed  in  the  cup  of  a  colorimeter, 
and  read  against  a  standard  which  has  been  standing  for  the 
same  length  of  time.  For  normal  cow's  milk  this  standard  con- 
sists of  10  cc.  of  a  0.9  per  cent  solution  of  lactose,  0.025  mg.  of  ' 
creatinine,  10  cc.  of  picric  acid  solution,  and  1.0  cc.  of  10  per 
cent  sodium  hydroxide  made  up  to  a  final  volume  of  25  cc.  For 
determinations  on  human  milk  a  1.4  per  cent  solution  of  lactose 
is  su]:)stituted  for  the  0.9  per  cent  solution  used  in  the  case  of 
cow's  milk. 

For  the  determination  of  total  creatinine  (creatine  +  creati- 
nine) 10  cc.  of  the  m-phosphoric  acid  filtrate  are  autoclaved  at 
120°C.  for  30  minutes.  After  cooling,  the  solution  is  treated 
with  picric  acid  and  sodirnn  hydroxide  as  described  above,  and 
after  standing  for  10  minutes  is  diluted  to  a  volume  of  50  cc. 
The  standard  for  this  determination  contains  0.05  mg.  of  creatinine 
in  a  final  volume  of  50  cc.  Lactose  solution,  etc.,  is  added  as  de- 
scribed above.  By  the  use  of  this  method  on  a  considerable 
number  of  samples  of  milk,  both  cow's  and  himian,  we  obtained 
values  for  preformed  creatinine  of  1.1  to  1.4  mg.  of  creatinine 
per  100  cc.  of  milk,  and  of  total  creatinine,  3.1  to  4.0  mg.  per 
100  cc.  of  milk,  values  approximately  half  as  great  as  those  ob- 
tained by  the  Folin  method.  We  have  therefore  attempted  to 
check  our  results  obtained  by  the  above  procedure  by  resorting 
to  an  entirely  difTerent  method  for  getting  rid  of  the  inter- 
fering substances.  To  this  end  we  have  sought  to  obtain  a 
method  whereby  the  lactose  and  other  active  substances  might  be 
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removed  from  the  reaction  without  at  the  same  time  destroying 
any  creatine  or  creatinine.  We  have  found  such  a  precipitant  in 
Salkowski's  alkaline  cupric  hydroxide  which  precipitates  lactose, 
fat,  and  protein  without  carrying  down  any  creatine  or  creatinine. 

The  precipitation  is  best  accomplished  by  the  use  of  copper  sul- 
fate and  calciimi  hydroxide  as  recently  suggested  by  Van  Slyke. 
The  procedure  is  as  follows:  To  10  cc.  of  milk  contained  in  a  50 
cc.  volumetric  flask  add  5  cc.  of  a  20  per  cent  solution  of  copper 
sulfate  and  15  cc.  of  a  10  per  cent  suspension  of  calcium  oxide. 
Add  water  to  the  mark,  mix,  and  allow  to  stand  for  30  minutes; 
centrifuge,  and  filter  the  supernatant  liquid  through  a  small  dry 
filter  paper.  The  filtrate  should  be  absolutely  clear  and  color- 
less and  free  from  lactose  and  all  but  minute  traces  of  protein. 

To  determine  preformed  creatinine  transfer  10  cc.  to  a  25  cc. 
volumetric  flask,  add  two  drops  of  normal  hydrochloric  acid,  10 
cc.  of  saturated  picric  acid,  and  1  cc.  of  10  per  cent  sodium  hy- 
'  droxide  solution," let  stand  10  minutes,  then  make  up  to  the  mark 
and  read  against  a  suitable  standard.  For  normal  milk  a  standard 
containing  0.025  mg.  of  creatinine  in  10  cc.  of  distilled  water,  10 
cc.  of  picric  acid,  and  1  cc.  of  10  per  cent  sodium  hydroxide  made 
up  to  25  cc.  volume  is  most  convenient.  For  pathological  material 
more  concentrated  standards  are  sometimes  necessary.  For  the 
determination  of  total  creatinine  10  cc.  of  filtrate  are  placed  in  a 
50  cc.  volumetric  flask,  treated  with  two  drops  of  normal  hydro- 
chloric acid  and  10  cc.  of  picric  acid,  and  autoclaved  for  30  min- 
utes at  120°C.  When  cool,  the  mixture  is  treated  with  1  cc.  of 
10  per  cent  sodiimi  hydroxide  and  after  standing  for  30  minutes 
is  made  up  to  volimie  and  read  in  a  colorimeter  against  a  suit- 
able standard.  For  normal  milk,  the  most  convenient  standard 
is  one  made  to  contain  0.05  mg.  of  creatinine,  10-  cc.  of  picric 
acid,  and  1  cc.  of  10  per  cent  sodium  hydroxide  in  50  cc. 

In  the  above  determinations  the  addition  of  sodium  hydroxide 
causes  a  precipitation  of  calciimi  hydroxide  which  must  be  cen- 
trifugcd  off  before  an  attempt  is  made  to  use  the  solution  in  the 
colorimeter. 

The  values  obtained  on  normal  milk  by  this  method  are  essen- 
tially the  same  as  those  obtained  when  the  lactose  standard  is 
used  and,  as  we  believe  it  to  be  theoretically  more  sound  in 
principle  than  the  former  procedure,  we  have  in  the  latter  part 
of  this  work  adopted  it  exclusively. 
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The  amino  nitrogen  may  be  determined  by  means  of  Van  Slyke's" 
nitrous  acid  method.  For  work  with  milk  the  micro-apparatus 
should  be  used.  At  first  an  attempt  was  made  to  use  95  per 
cent  ethyl  alcohol  as  a  protein  precipitant  as  recommended  by 
Van  Slyke  and  Meyer^*  in  their  work  on  blood.  While  with 
sufficient  care  the  Van  Slyke-Meyer  technique  was  found  to  give 
quantitative  results  in  recovering  amino-acids  added  to  milk,  a 
short  trial  convinced  us  that  it  was  not  a  practical  method  for  use 
with  this  fluid,  as  so  much  of  the  fat  present  in  milk  is  extracted 
by  the  alcohol  and  later  deposited  in  the  deaminizing  bulb,  and 
to  some  extent  in  the  burette,  that  it  was  found  difficult,  if  not 
impossible,  to  make  accurate  readings  of  the  latter;  an  added 
disadvantage  is  the  fact  that  the  presejice  of  such  large  quanti- 
ties of  fat  makes  it  necessary  to  clean  the  instrument  thoroughly 
after  each  determination. 

Precipitation  of  the  protein  by  acetic  acid  followed  by  trichloro- 
acetic acid  as  recommended  for  blood  by  Bock^^  was  also  at- 
tempted, but  was  found  to  be  so  time-consuming  on  account  of 
slow  filtration  that  it  was  abandoned. 

After  a  trial  of  various  protein  precipitants  we  have  decided 
on  the  use  of  copper  acetate  and  acetic  acid  as  being  most  satis- 
factory for  this  determination,  since  by  this  means  it  is  possible 
to  obtain  clear,  rapidly  filtering  filtrates  without  loss  of  amino 
nitrogen.  The  method  as  .finally  worked  out  for  cow's  milk  is  as 
follows: 

20  cc.  of  milk  are  pipetted  into  a  200  cc.  volumetric  flask,  and 
there  are  then  added  40  cc.  of  0.01  n  acetic  acid,  10  cc.  of  5  per 
cent  copper  acetate,  and  50  to  60  cc.  of  distilled  water.  The 
flask  is  placed  in  a  boiling  water  bath  for  20  to  30  minutes  and  at 
the  end  of  this  period  of  heating,  1  cc.  of  15  per  cent  potassiimi 
oxalate  solution  is  added  and  the  mixture  cooled,  made  to  volume, 
and  filtered  through  a  dry  filter  paper.  To  the  filtrate  there 
are  now  added  0.5  gm.  of  powdered  potassiimi  oxalate,  and  after 
shaking  the  flask  for  1  or  2  minutes  the  precipitate  may  be  re- 

»5  Van  Slyke,  D.  D.,  J.  Biol.  Chem.,  1912,  xii,  275. 

»•  Van  Slyke,  D.  D.,  and  Meyer,  G.  M.,  /.  Biol.  Chem.,  1912,  xii,  399. 

»'  Bock,  J.  C,  J.  Biol.  Chem.,  1916-17,  xxviii,  357. 
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moved  by  centrifuging,  leaving  a  perfectly  clear  supernatant 
liquid. 

The  precipitate  may,  if  desired,  be  removed  by  filtration  in- 
stead of  by  centrifugation,  but  in  this  case  the  liquid  must  be 
allowed  to  stand  for  1  hour  as  otherwise  it  is  difficult,  if  not 
impossible  to  obtain  a  clear  filtrate. 

The  addition  of  potassium  oxalate  is  made  in  order  to  remove 
calcium  salts,  and  while  the  two  filtrations  as  outlined  above 
may  seem  unnecessary  and  cumbersome,  it  has  been  found  im- 
possible to  obtain  a  filtrate  which  would  remain  clear  on  boiling 
when  all  the  oxalate  was  added  in  the  first  precipitation;  while 
if  the  second  addition  of  oxalate  is  omitted  so  much  solid  material 
precipitates  out  when  the  filtrate  is  evaporated  to  small  volimie 
in  preparation  for  the  amino  nitrogen  determination  that  it  is 
practically  impossible  to  effect  a  quantitative  transfer  to  the 
deaminizing  bulb. 

For  the  amino  nitrogen  determination  50  cc.  of  the  final  filtrate 
are  evaporated  to  a  volume  of  1  to  2  cc.  and  the  determinations 
are  carried  out  by  means  of  Van  Slyke's  micro-apparatus. 

For  human  milk  the  method  of  precipitation  described  above 
gives  poor  results,  so  that  with  this  fluid  the  following  method 
should  be  used. 

20  cc.  of  breast  milk  contained  in  a  200  cc.  volumetric  flask 
are  treated  with  10  cc.  of  5  per  cent  copper  acetate  solution,  1  cc. 
of  a  10  per  cent  solution  of  disodium  phosphate,  and  60  to  80  cc. 
of  distilled  water.  The  mixture  is  heated  in  a  boiling  water  bath 
for  20  to  30  minutes,  then  cooled,  made  up  to  volume  with  distilled 
water,  and  the  contents  are  mixed  and  poured  on  a  dry  filter. 
50  cc.  of  the  filtrate  are  evaporated  to  a  volume  of  about  2  cc. 
and  used  for  the  determination  of  amino  nitrogen.  The  addi- 
tion of  two  to  three  drops  of  glacial  acetic  acid  facilitates  transfer 
to  the  deaminizing  bulb. 

The  advisability  of  evaporating  solutions  of  amino-acids  in 
open  vessels  in  the  presence  of  relatively  large  quantities  of  cop)- 
per  and  lactose  may  well  be  questioned.  The  following  results 
indicate,  however,  that  under  the  experimental  conditions  described 
above  no  destruction  of  amino  nitrogen  can  be  demonstrated  dur- 
ing this  procedure.  These  results  were  obtained  on  an  amino-acid 
mixture  prepared  by  hydrolyzing  Kahlbaum's  pure  casein  with 
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20  per  cent  sulfuric  acid  for  40  hours.  The  greater  part  of  the 
sulfuric  acid  was  then  precipitated  by  means  of  barium  hydroxide 
and  the  solution  iSnally  brought  to  a  faintly  acid  reaction  by 
means  of  sodium  hydroxide.  Amino  nitrogen  determinations  were 
then  made  on  1  cc.  of  the  solution  (a)  without  the  addition  of  any 
other  substance,  (6)  with  the  addition  of  0.2  gm.  of  copper  sul- 
fate to  1  cc.  of  the  solution,  (c)  with  the  addition  of  0.2  gm.  of 
copper  sulfate  and  0.1  gm.  of  lactose  to  1  cc.  of  the  solution. 
In  (6)  and  (c)  the  mixture  was  made  up  to  a  volume  of  approxi- 
mately 50  cc.  and  evaporated  on  the  sand  bath  to  a  volume  of 
1  to  3  cc.  under  exactly  the  same  experimental  conditions  as 
were  used  for  the  determination  of  amino  nitrogen  in  milk. 
The  results  are  given  in  Table  II. 

TABLE  II. 


Amino  N  per  100  cc.  of 
solution  before  treatment. 

Amino  N  per  100  cc.  of 

solution  after  heating  with 

CuSOi. 

Amino  N  per  100  cc.  of 

solution  after  heating  with 

CuS04  and  lactose. 

mg. 
30.34 

31.48 
31.48 
32.00 

mg. 

31. 4S 
31.48 
32.00 

mg. 

32.00 
32.00 

TABLE  in. 

Comparisons  of  Results  Obtained  on  Cow*s  Milk  by  Alcohol  and  by  Copper 

Precipitations. 


No.  of  milk. 

Amino  N  per  100  oc.  milk. 

Alcohol  precipitation. 

Copper  precipitation. 

4 

3 

10 

mg. 

4.86 
4.52 
5.74 

mg. 

4.86 
4.62 

5.78 

In  Table  III  are  presented  a  few  results  in  which  amino  nitrogen 
was  determined  in  cow's  milk  after  alcohol  precipitation  by  the 
technique  of  Van  Slyke  and  Meyer  and  by  the  copper  precipita- 
tion described  above.  The  results  obtained  by  the  two  methods 
are  almost  identical. 
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Uric  Add. 

Uric  acid  determinations  in  blood  have  almost  invariably  been 
made  with  Salkowski's  anmioniacal  silver-magnesium  reagent, 
preceded  by  precipitation  with  acetic  acid  and  evaporation  to 
small  volmne.  Such  a  procedure  is  absolutely  unsuited  for  use 
with  milk  on  account  of  the  large  quantities  of  lactose  present, 
which,  when  the  milk  filtrates  are  evaporated  to  small  volume, 
leaves  a  sticky  mass  producing  strong  reduction  of  the  ammoniacal 
silver  reagent. 

For  our  purpose  the  method  of  precipitation  of  uric  acid  with 
alkaline  zinc  acetate  solution  recommended  by  Morris**  has 
proved  excellent,  as  by  this  method  it  is  possible  to  remove  quan- 
titatively small  amounts  of  uric  acid  from  relatively  large  vol- 
umes of  lactose  solution.  Recently  Curtman  and  Lehrman** 
have  suggested  the  use  of  nickel  acetate  in  place  of  zinc  acetate 
as  reconunended  by  Morris.  In  a  trial  of  nickel  as  a  uric  acid 
precipitant  we  have  obtained  excellent  results,  but  as  we  have 
been  unable  to  find  that  for  our  purpose  this  reagent  possesses 
any  advantage  over  zinc  acetate  we  have  continued  our  use  of  the 
latter. 

The  method  as  finally  worked  out  is  as  follows:  20  cc.  of  milk 
contained  in  a  100  cc.  volumetric  flask  are  treated  with  40  cc.  of 
0.01  N  acetic  acid  and  1  cc.  of  10  per  cent  zinc  acetate  solution; 
the  mixture  is  heated  in  a  boiling  water  bath  for  15  to  20  minutes 
and  is  then  cooled,  made  up  to  volimie,  and  filtered  through  a  dry 
filter  paper.  The  filtration  should  be  rapid  and  the  filtrate  abso- 
lutely clear.  75  cc.  of  filtrate  are  treated  with  3  cc.  of  a  10  per 
cent  solution  of  zinc  acetate  and  4  cc.  of  20  per  cent  sodium  car- 
bonate' solution,  allowed  to  stand  at  room  temperature  for  10 
minutes,  and  then  centrifuged.  The  gelatinous  precipitate  of 
zinc  carbonate  settles  rapidly  and  completely,  is  washed  once  with 
cold  water,  and  the  tubes  are  then  centrifuged  a  second  time. 
After  pouring  off  the  wash  water  as  completely  as  possible  the 
residue  is  treated  with  2  cc.  of  50  per  cent  acetic  acid,  then  trans- 
ferred by  means  of  about  25  to  35  cc.  of  water  to  an  Erlenmeyer 
flask;  the  contents  of  the  flask  are  heated  to  boiling,  and  the 

1*  Morris,  J.  L.,  J.  Biol.  Chem.,  1916,  xxv,  205. 

1"  Curtman,  L.  J.,  and  Lehrman,  A.,  /.  Biol.  Chem.,  1918,  xxxvi,  157. 
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zinc  is  precipitated  with  hydrogen  sulfide.  When  precipitation  is 
complete,  the  liquid  is  filtered,  the  zinc  sulfide  precipitate  washed 
twice  with  hot  water,  the  filtrate  and  washings  are  boiled  rapidly 
until  entirely  free  from  hydrogen  sulfide,  and  the  volume  is  re- 

TABLE  IV. 
Results  on  Recovery  of  Non-Protein  Bodies  Added  to  Cow^s  Milk. 


Subttanoe  added. 

Mg.  per  100  cc.  milk. 

Amount 
present. 

Amount 
•dded. 

Amount 
recovered. 

Theory. 

UreaN 

10.0 

10.0 
10.0 
7.02 
7.02 
7.02 
1.1 
1.1 
2.2 
2.2 
1.5 
1.5 
1.5 

5 
10 
10 
2 
4 
6 
1 
2 
1 
2 
1 
3 
5 

14.8 

20.2 

19.8 

8.98 

11.42 

12.91 

2.0 

3.0 

3.1 

4.1 

2.2 

4.3 

6.4 

15.0 

tt      tt 

20.0 

U           It 

20.0 

Amino  N 

9.02 

«          u 

11.02 

It       It 

13.02 

Creatinine 

2.1 

tt 

3.1 

Creatine 

'3.2 

tt 

3.9 

Uric  acid 

2.6 

tt       tt 

4.6 

It       It                             * 

6.5 

TABLE  V. 
Non-Protein  Nitrogenous  Corhstituenls  of  Milk. 


Mg.  per  100  cc.  milk. 

Source  of  material. 

Total 
■    non- 
protein N. 

UreaN. 

Amino  N. 

Preformed 
creatinine. 

Creatine. 

Uric  acid. 

Cow,  Dairy  I 

II 

HI 

Mother  I 

21.9 

21.0 
26.0 
26.0 
37.0 
36.0 

10.0 
9.0 
9.0 
12.0 
12.1 
13.8 

4.03 
4.19 
4.50 

4.58 
8.46 
8.58 

1.35 

1.40 

1.5 

1.1 

1.6 

1.8 

2.30 

2.40 

2.40 

3.9 

3.2 

3.4 

1.4 
1.6 
1.6 
2.2 

II 

2.7 

Ill 

2.7 

duced  to  approximately  15  cc.  After  cooling,  1  cc.  of  phospho- 
tungstic  acid  reagent^^  and  10  cc.  of  20  per  cent  sodium  carbonate 
solution  are  added  and  the  volume  is  made  up  to  25  or  50  cc.  ac- 

»«  Folin,  O.,  and  Denis,  W.,  /.  Biol.  Chem.,  1912,  xii,  230. 
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cording  to  the  degree  of  color.  Readings  are  then  made  in  a 
colorimeter  against  a  suitable  standard  uric  acid  solution.  The 
standard  which  is  most  generally  useful  is  one  conta-ining  0.5 
mg.  of  uric  acid  in  a  volume  of  100  cc. 

The  following  results  indicate  the  completeness  with  which 
uric  acid  can  be  recovered  by  the  above  procedure  from  relatively 
large  quantities  of  lactose  solution : 


Uric  acid  added. 

7  per  cent  lactoae  solution. 

Uric  acid  recovered. 

mg. 

0.2 
1.0 
1.0 

cc. 

10 

50 

100 

mg. 

0.19 

1.0 

0.97 

In  Table  IV  are  presented  the  results  obtained  by  adding 
known  quantities  of  urea,  amino-acids,  creatine,  creatinine,  and  ' 
uric  acid  to  cow's  milk. 

Table  V  contains  the  results  obtained  on  a  few  samples  of 
cow's  and  human  milk.  These  results  are  introduced  to  give  an 
idea  of  the  general  level  at  which  the  non-protein  nitrogenous 
bodies  occur  in  these  fluids. 

The  cow's  milk  was  purchased  in  the  open  market  and  repre- 
sents the  product  sold  by  three  large  milk  distributers  in  Boston. 
The  samples  of  human  milk  were  from  three  normal  women.  For 
the  latter  specimens  we  are  indebted  to  Dr.'  Fritz  Talbot. 

For  some  tune  we  have  been  engaged  by  the  help  of  the  methods 
described  above  in  the  accumulation  of  data  concerning  the  non- 
protein constituents  of  milk.  The  results  of  this  w^ork  will  be 
published  shortly. 
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(From  the  Bureau  of  Chemislryy  United  States  Department  of  Agriculturef 

Washi7igto7i.) 

(Received  for  publication,  January  9,  1919.) 

Recent  progress  in  the  chemistry  of  protein  nutrition  has 
demonstrated  the  importance  of  the  role  played  by  the  amino- 
acids  and  sufficient  evidence  is  at  hand  to  show  that  protein 
nutrition  is  in  reality  amino-acid  nutrition.  Therefore  for  the 
purposes  of  human  nutrition  and  of  animal  husbandry  an  exact 
knowledge  of  the  amino-acid  content  of  foodstuffs  is  essential. 
Methods  of  protein  analysis  which  furnish  accurate  results  ex- 
peditiously are  therefore  of  the  utmost  importance.  The  Van 
Slyke  method  when  applied  to  isolated  and  purified  proteins 
partially  meets  this  need  but,  obviously,  the  method  would  be  of 
still  greater  value  if  it  could  be  applied  to  the  direct  analysis  of 
seeds  without  previous  isolation  of  the  proteins.  In  the  investi- 
gation herein  presented  this  was  attempted  with  the  hope  of  ob- 
taining at  least  approximate  results. 

It  is  evident,  however,  that  the  possible  sources  of  error  in  such 
an  application  of  the  Van  Slyke  method  are  many.  Gortner  and 
Blish^  have  shown  that  when  tryptophane  or  a  protein  contain- 
ing this  amino-acid  is  hydrolyzed  with  hydrochloric  acid  in  the 
presence  of  dextrose,  the  humin  nitrogen  is  greatly  increased. 
Grindley  and  Slater^  regard  the  presence  of  carbohydrates  to  be  a 
source  of  error  in  the  hydrolysis  of  seed  material  for  the  purpose 
of  determining  its  amino-acid  content.    They  intimate,  moreover, 

•  A  brief  notice  of  this  work  was  published  in  Proc,  Sac.  Exp.  Biol,  and 
Med.,  1914-15,  xii,  192. 

*  Gortner,  R.  A.,  and  Blish,  M.  J.,  /.  Am.  Chem.  Soc,  1915,  xxxvii,  1630. 
2  Grindley,  H.  S.,  and  Slater,  M.  E.,  J.  Am.  Chem.  «SV.,  1915,  xxxvii, 

2762. 
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that  possibly  the  presence  of  glycerol  or  of  glycerides  may  increase 
the  humin  nitrogen. 

In  the  consideration  of  sources  of  error  in  the  determination  of 
the  amino-acid  content  of  seeds,  it  seems  worth  while  to  take  into 
account  the  presence  in  the  seeds  of  forms  of  nitrogen  other  than 
protein,  such  as  amines  and  free  amino-acids,  and,  important  in 
this  sort  of  analysis,  the  nucleic  acid  which  is  a  part  of  the  seed 
embryo.  Information  concerning  the  plant  nucleic  acids  is  lim- 
ited. That  of  yeast  and  that  of  the  wheat  embryo  have  been 
thoroughly  investigated  by  Osborne*  and  by  Levene,*  who  be- 
lieve that  the  two  are  practically  identical,  and  it  is  probable 
that  all  the  plant  nucleic  acids  are  closely  related  or  have  a  very 
similar  structure. 

TABLE  I. 

Nitrogen  Distribution  in  Nucleic  Acid  of  Yeast  as  Determined  by  the  Van 

Slyke  Method. 


Sample, 
Sgm. 


Gm 

Per  cent 
of  total 
(uncor- 
rected). 


ToUl 

N. 


0.4752 


Amide 

N. 


0.1140 


24.00 


Humin  N 
with  lime. 


0.05166 


10.87 


Humin 

N. 


0.1074 


22.09 


Total 

N. 


0.1324 


Amino 


0.024 


Arnni 


mne 


0.0714 


Total  N, 
filtrate. 


0.0602 


0.017 


15.03    112.66 


Amino 
N,  fil- 
trate. 


For  the  purpose  of  determining  the  behavior  of  plant  nucleic, 
acid  in  the  Van  Slyke  analysis,  yeast  nucleic  acid,  which  was  free 
from  material  giving  the  biuret  reaction  and  did  not  respond  to 
qualitative  tests  for  ammonium  acetate,  was  hydrolyzed  25 
hours  with  20  per  cent  hydrochloric  acid  and  subjected  to  the 
usual  procedure. 

Examination  of  the  results  given  in  Table  I  shows  that  a  high 
percentage  of  humin  nitrogen  was  precipitated  with  the  bases, 
which  may  be  explained  by  the  fact  that  it  is  impossible  to  de- 
compose completely  the  phosphotungstate  precipitate  of  the  bases 
with  ether-amyl-alcohol  mixture  and  dilute  hydrochloric  acid  as 
recommended  by  Van  Slyke.-^    Although  yeast  nucleic  acid  does 

'Osborne,  T.  B.,  and  Harris,  I.  F.,  Z.  physiol.  Chem.y  1902,  xxxvi,  85. 
*  Levene,  P.  A.,  and  La  Forge,  F.  B.,  Ber.  chem.  Ges.,  1910,  xliii,  3164. 
'^  Van  Slyke,  D.  D.,  J,  Biol.  Cheiti.,  1915,  xxii,  281. 
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not  contain  arginine,  the  analysis  indicates  the  presence  of  15 
per  cent  of  arginine  nitrogen.  This  is  probably  derived  from  the 
guanine,  adenine,  and  cytosine  of  the  nucleic  acid,  since  these  com- 
pounds are  decomposed  by  boiling  with  concentrated  caustic  alkali 
as  in  the  procedure  used  for  the  determination  of  arginine. 

Table  II  gives  the  results  of  analyses  of  cottonseed  flour, 
tomato  seed  flour,  cow  peas,  jack  beans,  corn,  com  germ,  wheat, 
kafir,  and  kafirin,  the  alcohol-soluble  protein  of  kafir.*  With 
the  exception  of  cottonseed  flour  and  tomato  seed  flour,  the  seeds 
and  grains  were  prepared  for  analysis  by  fine  grinding  in  a  suit- 
able mill.  They  were  used  without  further  drying  and  without 
extracting  the  fats.  The  cottonseed  flour  was  the  well  known 
commercial  article.  Tomato  seed  flour  is  the  ground  press  cake 
of  tomato  seeds  obtained  as  a  by-product  in  the  manufacture 
of  tomato  pulp.  The  seeds  yield,  on  pressing,  from  15  to  20 
per  cent  of  oil.  Portions  of  the  ground  material  were  weighed, 
hydrolyzed  with  20  per  cent  hydrochloric  acid,  and  then  treated 
exactly  as  reconunended  by  Van  Slyke. 

By  comparing  the  results  given  in  Table  II  with  those  of  others 
who  have  analyzed  the  same  sort  of  material  (Grindley  and 
Slater,^  Nollau,'  and  others),  it  will  be  noted  that  there  is  a 
widely  varying  agreement.  The  results  of  NoUau  have  been  criti- 
cized by  Grindley  and  Slater,  who  pointed  out  that  NoUau's 
procedure  was  not  comparable  with  theirs.  Grindley  and  Slater 
followed  the  same  procedure  that  was  used  in  obtaining  the  re- 
sults recorded  in  Table  II,  and  these  results  agree  fairly  well  with 
theirs.  Diflferences  noted  mav  be  due  to  the  fact  that  different 
samples  of  seeds  may  vary  in  composition. 

In  the  analysis  of  kafir  com  and  of  tomato  seed  a  deficiency  in 
histidine*  nitrogen  was  found,  calculations  yielding  minus  quanti- 
ties. The  presence  of  hisitidine  in  tomato  seed  is  yet  in  doubt. 
The  solution  of  the  hexone  bases  of  kafir  gives  a  positive  reaction 
with  bromine  for  this  amino-acid,  and  histidine  nitrogen,  1.64 
per  cent  corrected,  was  found  in  the  kafir  prolamine.  It  seems 
justifiable  then  in  the  case  of  the  whole  kafir  to  assume  that  most 
of  the  small  amount  of  histidine  present  remained  in  solution  and, 

•  Johns,  C.  O.,  and  Brewster,  J.  F.,  J.  Biol.  Chcm.,  1916-17,  xxviii,  59. 
'  Xollau,  E.  H.,  J.  Biol.  Chcm.,  1915,  xxi,  611. 
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applying  the  correction  for  solubility  of  histidine,  1.32  per  cent  is 
recorded. 

The  figure  for  cystine  nitrogen  in  kafirin  recorded  was  also  ob- 
tained by  adopting  the  factor  for  solubility  of  the  phosphotung- 
state.  The  barium  sulfate  precipitate,  though  unweighable,  was 
present,  and  as  the  reagents  used  give  no  precipitate  of  barium 
sulfate  in  blank,  it  appears  safe  to  adopt  Van  Slyke's  correction 
of  0.0026  gm.  as  representing  all  the  cystine  nitrogen  in  solution. 

CONCLUSIONS. 

It  is  shown  that  when  yeast  nucleic  acid  is  subjected  to  the 
Van  Slyke  procedure,  15  per  cent  of  the  total  nitrogen  of  the  acid 
appears  in  the  arginine  fraction,  although  the  nucleic  acid  con- 
tains no  arginine.  This  indicates  that  in  the  determination  of 
the  distribution  of  the  nitrogen  in  materials  containing  nucleic 
acid  by  the  method  of  Van  Slyke,  erroneous  results  may  be 
obtained  because  some  of  the  purine  and  pyrimidine  nitrogen 
appears  in  the  arginine  fraction. 

The  nitrogen  distribution  in  certain  seeds  and  seed  products 
was  determined  by  the  method  of  Van  Slyke  and  the  results  agree 
in  general  with  those  obtained  by  others  who  have  used  the  same 
method.  Where  there  is  lack  of  agreement  this  might  be  due  to 
the  fact  that  different  samples  of  seed  of  the  same  species  may  vary 
in  composition. 
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REDUCTION  OF  THE  QUANTITY  OF  HUMIN  NITROGEN 

FORMED  IN  THE  HYDROLYSIS  OF  THE  NITROGENOUS 

CONSTITUENTS  OF  FEEDINGSTUFFS. 

By  H.  C.  ECKSTEIN  and  H.  S.  GRINDLEY. 
(From  the  Department  of  Animal  Husbandry  ^  University  of  Illinois,  Urbana.) 

(Received  for  publication,  January  28,  1919.) 

In  view  of  the  importance  which  individual  amino-acids  had 
assumed  in  the  biological  evaluation  of  feedingstuffs,  the  junior 
author  of  this  .paper,  with  the  assistance  of  Joseph,  Slater,  and 
Eckstein,  attempted  quantitatively  to  determine  directly  the 
combined  amino-acids  of  feedingstuffs  by  the  application  of  the 
Van  Slyke  method  for  the  determination  of  the  characteristic 
groups  of  amino-acids  of  proteins.  In  the  publications^  of  the 
results  of  this  work,  the  following  facts  have  been  clearly 
emphasized: 

First,  'Hhat  the  Van  Slyke  method  for  the  determination  of  the  chemical 
groups  characteristic  of  the  amino  acids  [of  proteins]  can  be  applied  directly 
to  the  quantitative  determination  of  amino  acids  of  feedingstuffs  with  at 
least  a  fair  degree  of  accuracy/' 

Second,  **that  the  object  of  the  work  '  ....  is  to  determine  the 
free  and  the  combined  amino  acids  ....  of  feedingstuffs,  and  not 
merely  the  amino  acids  and  the  amides  resulting  from  the  hydrolysis  of  the 
proteins  of  the  feedingstuffs." 

Third,  'Hhat  the  high  results  for  hiunin  nitrogen  [due  to  the  presence  of 
the  carbohydrates  in  feedingstuffs]  constitute  a  source  of  error  in  the 
direct  application  of  the  Van  Slyke  method  to  the  determination  of  the 
free  and  combined  amino  acids  and  amides  of  feedingstuffs." 

Fourth,  *'that  further  study  was  being  made  to  determine  to  what  ex- 
tent, if  any,  the  so-called  non-protein  nitrogenous  substances  affect  the 
quantitative  determination  of  the  amino  acids  of  feedingstuffs." 

*  Grindley,  H.  S.,  Joseph,  W.  E.,  and  Slater,  M.  E.,  J.  Am.  Chem.  Soc, 
1915,  xxxvii,  1778.  Grindley,  H.  S.,  and  Slater,  M.  E.,  ibid.,  2762.  Grind- 
ley,  H.  S.,  and  Eckstein,  H.  C,  ibid.,  1916,  xxxviii,  1425.  Grindley,  H. 
S.,  Proc.  Am.  Soc.  Animal  Production,  1916,  133. 
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Fifth,  *Hhat  the  Van  Slykc  method  for  the  determination  of  the  chemical 
frroups  characteristic  of  the  amino  acids  of  proteins  will  prove  of  much  value 
as  applied  to  the  quantitative  determination  of  the  free  and  combined 
amino  acids  ....  of  fcedingstufTs  when  we  become  better  ac- 
quainted with  the  details  of  the  method,  and  succeed  in  adapting  it  to  the 
specific  conditions  involved.  At  any  rate,  as  yet,  it  is  the  only  method 
that  has  been  used  for  the  determination  of  the  amino  acid  content  of 
fcedingstufTs,  and,  since  it  undoubtedly  gives  approximately  quantitative 
results,  it  should,  until  some  better  method  is  developed,  be  used  in  gain- 
ing knowledge,  that  will  aid  us  in  applying  to  the  economic  and  nutritive 
valuation  of  the  common  feedingstuffs,  the  fast  accumulating  results  as  to 
the  nutritive  value  of  the  amino  acids." 

Since  our  last  publication  the  methods  for  this  work  have  been 
decidedly  improved.  In  the  first  place,  the  interference  of  some 
of  the  non-protein  nitrogenous  constituents  such  as  the  nitrog- 
enous lipoids,  the  nitrogenous  coloring  matters,  betaine,  staehy- 
drin,amygdalin,  most  of  the  alkaloids,  and  some  of 'the  amides  has 
been  obviated  by  completely  extracting  first  with  ether  and  then 
with  cold  absolute  alcohol. 

In  the  second  place,  a  method  has  been  perfected  by  which  the 
percentages  of  the  humin  nitrogen  formed  in  the  hydrolysis  of  the 
nitrogenous  constituents  of  feedingstuffs  are  reduced  so  that  they 
compare  favorably  with  those  obtained  for  pure  proteins.  The 
essential  features  of  this  method  are  as  follcws:  (1)  extraction 
of  the  feedingstuffs  with  ether  and  then  with  cold  absolute  alco- 
hol; (2)  the  conversion,  as  far  as  possible,  of  the  insoluble  carbo- 
hydrates into  soluble  carbohydrates  by  boiling  the  feedingstuffs 
with  0.1  per  cent  hydrochloric  acid;  (3)  the  separation  of  the 
greater  part  of  the  soluble  proteins  before  hydrolysis  from  the 
soluble  carbohydrates  by  neutralizing  the  mineral  acid  and  pre- 
cipitating with  alcohol;  (4)  the  hydrolysis  of  the  small  portion  of 
the  proteins  renjaining  in  solution  with  the  soluble  sugars  by 
boiling  with  5  per  cent  instead  of  20  per  cent  hydrochloric  acid  for 
only  a  short  time. 

By  these  proceedings  it  is  possible  to  separate  the  greater  part 
of  the  carbohydrates  from  the  main  portion  of  the  proteins  before 
the  latter  are  hydrolyzed  and  thus  decidedly  reduce  the  quantity 
of  humin  formed.  Likewise  since  it  is  possible  to  hydrolyze  the 
small  amount  of  soluble  prot(ans  remaining  in  solution  with  the 
carbohydrates  with  dilute  hydrochloric  acid  in  a  short  time,  a 
further  reduction  of  the  quantity  of  humin  is  obtained. 
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This  method  gives  the  following  results  for  humin  nitrogen  ex- 
pressed in  per  cent  of  the  total  nitrogen  in  the  feedingstuff :  corn 
3.2,  wheat  3.4,  oats  4.5,  and  barley  3.9  per  cent.  The  results 
for  the  humin  nitrogen  which  were  obtained  in  our  earlier  analysis 
of  these  feeds  were  as  follows:  com  9.8,  wheat  9.2,  oats  9.9,  and 
barley  8.8.  The  humin  nitrogen  content  of  some  of  the  pure  pro- 
teins as  analyzed  by  Van  Slyke  is  as  follows:  hemoglobin  3.6, 
fibrin  3.2,  and  lactalbumin  2.3.  It  is  thus  clearly  evident  that  the 
error  due  to  hiunin  nitrogen  in  the  analysis  of  these  feedingstuffs 
is  no  greater  than  it  is  in  the  analysis  of  some  of  the  pure  pro- 
teins. From  results  recently  obtained,  we  feel  certain  that  the' 
quantity  of  humin  nitrogen  formed  in  the  hydrolysis  of  the 
nitrogenous  constituents  of  feedingstuffs  can  be  still  further 
reduced.^ 

Briefly  stated  the  details  of  the  method  used  in  this  work  are 
as  follows:  Weighed  quantities  of  the  feedingsti^ff  are  extracted 
with  ether  in  Soxhlet  extractors  and  then  with  cold  absolute  alco- 
hol on  Buchner  funnels.  The  residues  thus  extracted  are  digested 
for  15  hours  three  or  four  times  with  0.1  per  cent  solution  of  hydro- 
chloric acid  until  all  the  starch  has  been  converted  into  sugars. 
The  residues  insoluble  in  0.1  per  cent  hydrochloric  acid  are  boiled 
with  20  per  cent  hydrochloric  acid  until  the  proteins  which  they 
contain  are  completely  hydrolyzed. 

The  filtrates  from  the  residues  insoluble  in  0.1  per  cent  hydro- 
chloric acid  are  neutralized  with  sodium  hydroxide,  then  faintly 
acidified  with  acetic  acid,  allowed  to  stand  over  night,  and  then 
filtered.  The  filtrates  from  the  precipitated  proteins  are  concen- 
trated in  vacuo  to  small  volmnes  and  precipitated  by  the  addition  of 
five  volumes  of  absolute  alcohol.  After  standing  over  night,  the 
precipitated  proteins  are  removed  by  filtration  and  washed  wi^h 
83  per  cent  alcohol. 

The  filtrates  from  the  proteins  precipitated  by  alcohol  are  con- 
centrated to  small  volume  and  enough  concentrated  hydrochloric 
acid  is  added  to  make  a  5  per  cent  solution.    The  solutions  are  then 

•  By  improvement  of  the  method  reported  here  the  humin  content  of  com 
has  been  still  further  reduced  to  2.53  per  cent  since  the  manuscript  for  this 
paper  was  prepared. 
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boiled  until  hydrolysis  is  complete.^  The  proteins  separated  above 
by  neutraUzation  and  by  the  addition  of  alcohol  are  boiled  with 
20  per  cent  hydrochloric  acid  until  hydrolysis  is  complete. 

As  a  result  of  the  above  procedure,  there  are  obtained  three 
diiBferent  fractions  of  the  proteins  of  feedingstuffs  which  are  com- 
pletely hydrolyzed;  namely,  (1)  the  proteins  insoluble  in  0.1 
per  cent  hydrochloric  acid;  (2)  the  proteins  separated  by  neutral- 
izing the  mineral  acid  and  precipitating  with  alcohol;  (3)  the  sol- 
uble proteins  not  separated  by  neutraUzing  the  mineral  acid  or 
precipitating  with  alcohol.  Each  of  the  three  hydrolyzed  solu- 
tions is  filtered  and  the  insoluble  humin  substances  are  repeat- 
edly digested  with  0.1  per  cent  hydrochloric  acid  and  then  thor- 
oughly washed  with  hot  water.  The  nitrogen  in  these  residues 
is  considered  to  represent  the  insoluble  humin  substances. 

The  filtrates  from  the  insoluble  humin  were  concentrated  in 
vacuo  to  small  volume  and  the  amide  and  soluble  melanine  nitro- 
gen determined  as  usual.  The  remaining  parts  of  the  analysis 
are  continued  as  usual.  Only  the  results  for  the  humin  nitrogen 
are  reported  here;  the  complete  analysis  will  be  given  in  a  later 
paper. 

^  In  all  cases  it  was  found  that  a  5  per  cent  solution  of  hydrochloric  acid 
would  bring  about  the  complete  hydrolysis  of  the  small  amount  of  soluble 
proteins  remaining  in  these  solutions. 


EXPERIMENTAL  STUDIES  ON  GROWTH. 

X.    THE  LATE  GROWTH  AND  SENESCENCE  OF  THE  NORMAL 

WHITE  MOUSE,  AND  THE  PROGRESSIVE  ALTERATION  OF 

THE  NORMAL  GROWTH  CURVE  DUE  TO  INBREEDING. 

By  T.  BRAILSFORD  ROBERTSON  and  L.  A.  RAY. 

(From  the  Department  of  Biochemistry ,  University  of  Toronto.) 

(Received  for  publication,  January  3,  1919.) 

Growth  and  Senescence  of  Normal  White  Mice. 

In  previous  articles  of  this  series^  we  have  furnished  data  con- 
cerning the  normal  growth  of  the  white  mouse  for  the  first  60 
weeks  of  life,  employing  for  the  collection  of  these  data  a  special 
technique  designed  to  exclude  accidental  causes  of  fluctuation, 
such  as  epidemic  infections,  etc.,  and,  as  material  for  measure- 
ment, a  large  number  of  animals  bom  in  July,  1914,  from  a  stock 
of  animals  purchased  a  few  months  previously  from  dealers. 

Our  observations  upon  these  animals  were  continued  until  their 
death  from  natural  causes,  and  weighings  of  every  animal  in  the 
series  were  made  fortnightly  during  the  whole  period  of  their 
existence  (weekly  during  the  first  30  weeks).  We  have  now  to 
report  the  complete  series  of  measurements  from  the  4th  week 
after  birth  until  the  termination  of  the  observations  by  the  death 
of  the  last  surviving  animal.^  The  results  of  these  measurements 
are  eniunerated  in  Tables  I  and  II  and  illustrated  graphically  in 
Figs.  1  and  2,  displaying  the  progressive  alterations  of  the  average 
weight  of  the  animals  with  increasing  age. 

*  Robertson,  T.  B.,  and  Ray,  L.  A.,  J.  Biol.  Chem.^  1916,  xxiv,  347.  Rob- 
ertson, T.  B.,  ibid.,  363. 

*  Data  concerning  growth  from  birth  until  the  4th  week  may  be  found 
in  the  articles  cited  above,  also  in  Paper  IX  of  this  series  (Robertson,  T. 
B.,  and  Delprat,  M.,  J.  Biol.  Chem.,  1917,  xxxi,  567). 
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An  examination  of  these  curves  shows  that  the  average  weight 
of  animals  of  both  sexes  increases,  with  a  continuously  decreasing 
velocity,  to  a  definite  maximum,  attained  at  about  91  weeks  of  age 
in  the  male  and  at  about  94  weeks  of  age  in  the  female.  After 
attaining  this  maximum  the  curve  descends  rather  steeply,  the  loss 
of  weight  being  much  more  rapid  than  the  inunediately  preceding 
gain. 

This  loss  of  weight  is  the  expression  of  senescence,  and  con- 
tinues without  interruption  until  the  decease  of  the  last  surviving 
animal.  It  will  be  observed,  however,  that  the  curve  of  growth  in 
both  sexes  displays  marked  oscillations  towards  the  end,  which  are 
due  to  the  irregularly  occurring  deaths  of  animals  in  which  the 
process  of  senescence  has  been  most  rapid,  and  which  have  lost 
most  weight.  The  survivors  therefore  represent  an  earlier  or  less 
complete  stage  of  senescence  than  those  which  have  died,  and 
each  group  of  late  deaths  is  consequently  accompanied  by  a  rise 
in  the  weight  curve  of  the  survivors.  Each  rise,  however,  is  suc- 
ceeded by  a  fall  whch  is  even  more  rapid  than  the  preceding  one, 
indicating  that  the  process  of  senescence  is  in  reality  continuous, 
and  moreover  that  it  proceeds  with  a  regularly  increasing  velocity 
dep>ending  upon  the  age  rather  than  upon  the  weight  of  the  ani- 
mals. This  general  feature  of  the  process  of  senescence  is  addi- 
tionally illustrated  by  the  curves  accompanying  Paper  XI  of  the 
series. 

The  average  duration  of  life  (110  weeks  in  the  male,  103  weeks 
in  the  female)  exceeds  by  a  definite  interval  the  period  during 
which  the  weight  of  the  animals  is  increasing.  The  attainment  of 
the  average  duration  of  life  is  therefore  preceded  by  a  decided 
measure  of  senescence,  which  must  consequently  have  affected  the 
viability  of  the  majority  of  the  animals  and  played  a  leading  part 
in  determining  the  mean  duration  of  life.  78  per  cent  of  the  males 
and  68  per  cent  of  the  females  survived  the  attainment  of  maxi- 
mum weight,  and  therefore  experienced  the  senescent  loss  of 
weight. 
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TABLE  I. 
Normal  Males. 


Age. 

No. 
weighed. 

Weight. 

Variabil- 
ity. 

Age. 

• 

No. 
weighed. 

Weight. 

Variabil- 
ity. 

wk9. 

• 

gm. 

per  cent 

wka. 

ffM. 

percent 

4 

65 

12.38 

24.4 

60 

30 

29.08 

11.8 

5 

117 

12.45 

24.6 

62 

30 

29.41 

11.6 

6 

72 

15.58 

22.0 

64 

30 

29.53 

11.4 

7 

43 

18.08 

16.9 

66 

30 

29.70 

11.4 

8 

42 

19.36 

15.9 

68 

30 

29.80 

11.1 

9 

42 

20.63 

16.5 

70 

30 

29.70 

10.9 

10 

42 

21.19 

16.7 

72 

30 

29.70 

12.2 

11 

42 

21.81 

13.3 

74 

29 

29.76 

10.9 

12 

42 

22.65 

13.7 

76 

29 

29.98 

10.0 

13 

37 

23.31 

14.2 

78 

29 

30.16 

11.5 

14 

36 

23.96 

14.1 

80 

29 

29.95 

11.1 

15 

36 

24.28 

11.9 

82 

26 

30.31 

11.3 

16 

36 

24.75 

12.7 

84 

26 

29.88 

12.3 

17 

36 

25.21 

12.4 

86 

25 

30.10 

13.0 

18 

36 

25.61 

12.1 

88 

24 

30.19 

13.0 

19 

35 

25.81 

12.1 

90 

24 

30.13 

11.3 

20 

35 

26.10 

10.8 

92 

24 

30.46 

12.0 

21 

35 

26.28 

11.2 

94 

24 

30.13 

11.1 

22 

35 

26.06 

9.0 

96 

23 

29.67 

10.1 

23 

34 

26.34 

9.8 

98 

22 

29.36 

10.0 

24 

34 

26.82 

10.1 

100 

21 

29.54 

9.6 

25 

33 

27.05 

11.0 

102 

20 

29.48 

10.7 

26 

33 

26.94 

10.8 

104 

19 

29.61 

10.4 

27 

32 

26.55 

11.3 

106 

16 

.29.03 

10.7 

28 

31 

27.19 

10.9 

108 

16 

28.56 

9.6 

29 

31 

27.08 

10.9 

110 

16 

28.25 

11.0 

30 

31 

27.23 

9.5 

112 

15 

28.30 

11.3 

32 

32 

27.61 

9.6 

114 

16 

28.16 

11.3 

34 

31 

27.71 

10.5 

116 

13 

28.10 

12.6 

36 

30 

27.95 

10.1 

llg 

14 

28.29 

12.8 

38 

30 

28.20 

10.5 

120 

12 

27.25 

10.9 

40 

30 

28.27 

10.4 

122 

12 

27.08 

10.6 

42 

30 

28.28 

11.2 

124 

11 

27.32 

10.2 

44 

30 

28.62 

12.0 

126 

11 

26.73 

12.3 

46 

30 

28.55 

11.7 

128 

10 

27.55 

10.6 

48 

30 

28.22 

10.8 

130 

9 

28.11 

10.8 

50 

30 

28.88 

11.1 

132 

5 

28.00 

11.2 

52 

30 

28.68 

10.7 

134 

5 

28.00 

— 

54 

30 

28.67 

12.0 

136 

5 

27.50 

— 

56 

30 

29.32 

12.0 

138 

2 

25.50 

— 

58 

30 

29.10 

10.9 

140 

1 

26.00 

— 

TABT.E    n. 

Normal  Females, 

Age. 

No. 
weighed. 

Weight. 

Variabil- 
ity. 

Age. 

No. 
weighed. 

Weight. 

Variabil- 
ity. 

tcks. 

gm. 

per  cent 

U>kM. 

gm. 

per  cent 

4 

89 

10.39 

23.4 

66 

28 

26.45 

19.2 

5 

77 

11.81 

19.4 

68 

28 

26.55 

18.3 

6 

68 

14.12 

18.9 

70 

27 

26.13 

18.7 

7 

37 

16.77 

15.0 

72 

26 

26.56 

17.7 

8 

36 

17.99 

13.9 

74 

25 

26.76 

16.9 

9 

36 

18.78 

13.4 

76 

25 

27.24 

17.? 

10 

36 

19.38 

14.3 

78 

*23 

27.39 

17.0 

11 

36 

20.04 

12.6 

80 

22 

27.64 

17.4 

12 

36 

20.31 

12.6 

82 

22 

27.39 

17.0 

13 

36 

21.04 

13.0 

84 

22 

27.75 

16.4 

14 

36 

21.21 

13.2 

86 

22 

27.89 

17.6 

15 

36 

21.78 

13.7 

88 

22 

27.77 

18.7 

16 

36 

22.14 

12.6 

90 

22 

27.82 

16.8 

17 

36 

22.29 

.   11.9 

92 

21 

27.98 

18.4 

18 

36 

22.22 

11.9 

94 

20 

27.53 

18.0 

• 

19 

36 

22.60 

12.0 

96 

20 

28.03 

17.8 

20 

36 

22.60 

11.2 

98 

19 

27.89 

20.9 

21 

36 

23.06 

12.3 

100 

19 

27.42 

22.2 

22 

36 

23.32 

12.5 

102 

17 

27.62 

20.7 

23 

35 

23.51 

12.0 

104 

16 

27.06 

19.1 

24 

36 

23.68 

11.3 

106 

15 

26.57 

18.6 

25 

35 

23.79 

11.4 

108 

11 

26.82 

18.2 

26 

36 

24.04 

11.6 

110 

10 

26.30 

17.7 

27 

35 

24.00 

11.8 

112 

10 

26.70 

16.0 

28 

36 

23.58 

10.3 

114 

7 

24.43 

10.5 

29 

35 

23.84 

12.2 

116 

7 

24.57 

9.7 

30 

36     • 

23.92 

12.4 

118 

7 

24.29 

10.0 

32 

36 

24.18 

11.5 

120 

7 

24.14 

10.0 

34 

36 

24.18 

12.2 

122 

7 

24.93 

11.0 

36 

36 

24.65 

11.2 

124 

7 

24.93 

9.5 

38 

36 

24.80 

12.3 

126 

6 

24.83 

9.8 

40 

•35 

25.03 

11.9 

128 

5 

25.80 

7.8 

42 

35 

25.07 

13.1 

130 

5 

25.80 

8.1 

44 

34 

25.52 

15.3 

132 

5 

25.10 

6.6 

46 

33 

25.68 

14.6 

134 

5 

25.50 

7.8 

48 

32 

25.45 

14.6 

136 

•    4 

24.00 

— 

50 

32 

25.50 

14.0 

138 

4 

24.50 

52 

29 

25.76 

15.3 

140 

4 

24.63 

— 

54 

29 

25.78 

15.8 

142 

4 

24.88 

— 

56 

29 

26.00 

16.5 

144 

3 

24.00 

— 

58 

29 

26.26 

16.7 

146 

3 

24.50 

— 

60 

29 

26.12 

17.8 

148 

2 

24.00 

— 

62 

29 

26.40 

17.7 

150 

2 

24.00 

— 

64 

29 

26.64 

17.8 

380 
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Progressive  Alteration  of  Normal  Growth  Curve  Dice  to  Inbreeding  of 

Mixed  Stock, 

Our  original  stock  of  animals  was  obtained  from  animal  dealers, 
and  therefore  consisted  in  all  probability  of  a  variety  of  different 
strains.  We  have  consistently  adopted  a  plan  of  rotation  whereby 
it  is  assured  that  no  female  is  ever  impregnated  twice  in  suc- 
cession by  the  same  male.  In  this  way  thorough  mixture  of  the 
strains  has  no  doubt  been  brought  about  in  the  course  of  time,  and 
close  inbreeding  has  been  avoided.  We  have  found,  however,  that 
successive  batches  of  animals  thus  obtained  display  definite  and 
progressive  changes  in  the  curve  of  growth. 

Since  the  changes  in  question  are  quantitative,  and  do  not 
exceed  the  individual  differences  which  may  frequently  be  ob- 
served between  the  weights  of  any  single  pair  of  animals  selected 
at  random,  the  only  method  of  attaining  any  degree  of  cer- 
tainty as  to  the  reality  of  the  differences  is  to  determine  the 
ratio  of  the  observed  average  differences  between  successive 
batches  of  normals  to  the  probable  error  of  the  experimental  esti- 
mate of  the  differences  themselves;  that  is,  to  '^Ei^  +  E^  where 

El  and  E2  are  the  probable  errors  of  the  separate  estimates  of 
average  weight.' 

The  chance  of  any  given,  observed  deviation  being  accidental 
may  be  estimated  from  Table  III,  computed  from  a  table  of  areas 
of  the  normal  frequency  curve.*  Thus  if  the  ratio  of  an  observed 
deviation  from  the  standard  chosen  to  the  probable  error  of  its 
estimation  is  3.0,  then  there  is  one  chance  that  it  is  accidental  to  22 
that  it  is  not  accidental  but  systematic  in  origin;  i.e.,  that  it  origi- 
nates in  a  definite  and  not  fortuitous  difference  between  the 
two  groups  of  animals  investigated. 

In  Tables  IV  to  VII  and  Figs.  3  and  4  are  given  the  compara- 
tive growth  of  three  successive  batches  of  normal  males,  born, 
respectively,  in  July  1914,  November  1914,  and  July  1916,  and  of 
three  successive  batches  of  normal  females  born,  respectively,  in 
July  1914,  July  1916,  and  October  1917.     The  curves  reveal  a 

*  Davenport,  C.  B.,  Statistical  methods  with  special  reference  to  bio- 
logical variation,  New  York,  2nd  edition,  1904,  15. 

*  Davenport,  C.  B.,»  p.  119. 
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regularly  diminishing  velocity  and  absolute  magnitude  of  growth 
in  each  succeeding  batch  of  animals. 

The  absolute  difference  between  the  average  weights  of  July 
and  November  1914  males,  averaging  from  1.0  to  1.5  gm.,  is  only 
slightly  less  than  that  between  the  males  of  November  1914  and 
July  1916  (1.5  to  2.0  gm.),  although  a  period  of  20  months  elapsed 
between  the  birth  of  the  two  latter  groups  and  of  less  than  5 
months  between  the  birth  of  the  two  former  groups.  Nearly  as 
much  change  in  the  stock  occurred,  therefore,  in  the  first  5  months 
of  inbreeding  as  in  the  succeeding  20  months. 

Owing  to  the  much  smaller  variability  of  the  animals  compris- 
ing the  later  batches,  however,  the  observed  deviations  only  aver- 
age from  two  to  three  times  the  experimental  error  for  the  1914 
batches,  while  they  average  between  four  and  six  times  the  experi- 
mental error  in  the  case  of  the  November  1914  and  July  1916 
batches  of  animals.  In  both  sexes  diminution  of  the  variability 
of  the  animals,  as  in  other  instances  previously  noted,*  is  associ- 
ated with  diminished  rapidity  of  growth. 

The  effects  are  much  smaller  in  the  females,  the  differences  be- 
tween the  1917  and  1916  batches  lying  almost  entirely  within  the 
experimental  error  of  the  estimations. 

It  would  appear,  therefore,  that  the  animals  are  approaching, 
if  they  have  not  already  reached,  a  stable  type,  but  that  this  re- 
quires a  considerable  p)eriod  of  time  notwithstanding  the  deliber- 
ate effort  made  to  secure  thorough  mixing  of  the  strains.  From 
these  facts  it  will  be  evident  that  no  growth  standard,  no  matter 
upon  how  many  observations  it  may  be  established,  is  applicable 
to  animals  derived  from  a  different  strain  or  stock.  Each  stock 
must  provide  its  own  standard  norm  and  this  norm  must  be  re- 
established at  frequent  intervals. 

*  Robertson,  T.  B.,  J.  Biol.  Chem.,  1916,  xxiv,  372;  Am.  J.  Physiol., 
1916,  xli,  535,  547.    Thompson,  D.  W.,  Growth  and  form,  Cambridge,  1917. 
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TABLE  IV. 
Normal  Males,  November  1914. 


Age. 

No.  weighed. 

Weight.    . 

DevUlion 

from  normal  of 

July  1014. 

Timet  probable 

error  of 

difference. 

Variability. 

vk9. 

gm. 

per  etnt 

5 

15 

14.63 

+2.18 

3.3 

24.6 

6 

24 

15.54 

-0.04 

0.1 

19.7 

7 

24 

16.77 

-1.31 

2.6 

17.1 

8 

24 

17.92 

-1.44 

3.1 

13.9 

9 

24 

17.92 

-2.71 

5.3 

15.1 

10 

24 

19.10 

-2.09 

4.2 

•       12.6 

11 

24 

19.06 

-2.75 

6.0 

13.4 

12 

24 

20.46* 

-2.19 

4.4 

13.7 

13 

24 

21.38 

-1.93 

3.7 

12.3 

14 

24 

22.58 

-1.38 

2.7 

10.8 

15 

24 

23.23 

-1.05 

2.4 

9.2 

16 

24 

23.73 

-1.02 

2.3 

8.8 

17 

24 

24.23 

-0.98 

2.2 

7.8 

18 

23 

24.48 

-1.13 

2.6 

7.3 

19 

24 

24.71 

-1.10 

2.4 

8.3 

20 

23 

25.15 

-0.95  . 

2.3 

7.2 

21 

23 

25.04 

-1.24 

3.0 

7.2 

22 

23 

25.61 

-0.45 

1.2 

6.8 

23 

23 

25.35 

-0.99 

2.6 

6.8 

24 

23 

25.65 

-1.17 

2.9 

7.0 

25 

23 

26.02 

-1.03 

2.4 

6.4 

26 

22 

25.89 

-1.05 

2.4 

7.2 

27 

23 

25.70 

-0.85 

1.9 

7.4 

28 

22 

26.14 

-1.05 

2.3 

7.1 

29 

23 

26.09 

-0.99 

2.2 

7.4 

30 

18 

26.06 

-1.17 

2.7 

7.3 

32 

23 

26.72 

-0.89 

2.1 

7.4 

34 

23 

26.48 

-1.23 

2.7 

7.6 

36 

23 

26.54 

-1.41 

3.1 

7.6 

38 

23 

26.91 

-1.29  * 

2.8 

7.5 

40 

23 

27.17 

-1.10 

2.3 

7.8 

42 

23 

27.76 

-0.52  * 

1.1 

7.5 

44 

23 

27.85 

-0.77 

1.5 

7.6 

46 

23 

27.85 

-0.70 

1.4 

7.6 

48 

22 

28.11 

-0.11 

2.3 

7.3 

50 

22 

28.00 

-0.88 

1.8 

7.9 

52 

22 

28.02 

-0.66 

1.3 

7.9 

54 

22 

27.84 

-0.83 

1.6 

7.6 

56 

20 

27.85 

-1.47 

2.8 

8.6 

58 

16 

28.00 

-1.10 

2.1 

7.6 

60 

16 

28.19 

-0.89 

1.6 

7.7 

T.  B.  Robertson  and  L.  A.  Ray 


387 


TABLE  V. 

Normal  Males,  July  1916. 


Age. 

No.  weighed. 

Weight. 

Deviation 

from  normal  of 

Nov.  1914. 

Times  probable 

error  of 

difference. 

Variability. 

wk». 

gm. 

per  cent 

5 

20 

13.25 

-1.38 

1.9 

19.2 

6 

24 

15.04 

-0.50 

0.9 

15.8 

7 

24 

16.83 

+0.06 

0.1 

13.7 

8 

24 

18.08 

+0.16 

0.4 

12.1 

9 

24 

19.00 

+1.08 

2.3 

11.9 

10 

24 

19.63 

+0.53 

1.2 

10.6 

11 

24 

19.96 

+0.90 

1.9 

11.9 

12 

24 

20.44 

-0.02 

0.0 

11.5 

13 

24 

20.92 

-0.46 

0.9 

12.1 

14 

24 

21.31 

-1.27 

2.7 

11.3 

15 

24 

21.83 

-1.40 

3.0 

11.6 

16 

24 

22.15 

-1.58 

3.5 

11.5 

17 

24 

22.42 

-1.81 

4.1 

11.7 

18 

24 

22.58 

-1.90 

4.5 

10.9 

19 

24 

22.71 

-2.00 

4.6 

10.7 

20 

24 

23.02 

-2.13 

5.2 

10.5 

21 

24 

23.10 

-1.94 

4.8 

9.1 

22 

24 

23.42 

-2.19 

5.3 

9.8 

23 

24 

23.49 

-1.86 

4.6 

9.8 

24 

24 

23.63 

-2.02 

5.3 

8.8 

25 

24 

23.85 

-2:17 

6.0 

8.3 

26 

24 

24.10 

-1.79 

4.4 

9.6 

27 

24 

24.31 

-1.39 

3.6 

8.5 

28 

22 

24.31 

-1.83 

4.5 

8.8     ' 

29 

24 

24.65 

-1.44 

3.6 

8.5 

30 

17 

24.91 

-1.15 

2.5 

8.6 

32 

24 

24.88 

-1.84 

4.5 

8.9 

34 

24 

25.21 

-1.27 

3.0 

8.7 

36 

24 

25.69 

-0.85 

2.1 

8.3 

38 

24 

25.52 

-1.39 

3.3 

8.8 

40 

24 

25.83 

-1.34 

3.1 

8.8 

42 

24 

26.00 

-1.76 

4.2 

8.3 

44 

24 

26.06 

-1.79 

4.3 

8.3 

46 

24 

26.56 

-1.29 

3.1 

8.2 

48 

24 

26.35 

-1.76 

4.1 

8.5 

50 

23 

26.85 

-1.15 

2.6 

8.2 

52 

23 

27.20 

-0.82 

1.8 

8.3 

54 

23 

27.61 

-0.23 

0.5 

8.7 

56 

23 

27.54 

-0.31 

0.6 

8.0 

58 

23 

27.57 

-0.43 

0.9 

8.7 

60 

23 

27.39 

-0.80 

1.7 

7.5 
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TABLE  VI. 
Normal  Females^  1916. 


Age. 

No.  weighed. 

Weight. 

Deviation 

from  normal  of 

1914. 

Times  probable 

error  of 

difference. 

Variability. 

vcki. 

gm. 

per  ctrU 

4 

15 

12.43 

+2.04 

6.2 

12.9 

5 

24 

13.67 

+1.86 

6.0 

13.2 

6 

24 

15.08 

+0.96 

2.6 

13.9 

7 

24 

15.98 

-0.79 

2.1 

10.8 

8 

24 

16.94 

-1.05 

3.0 

9.0 

9 

24 

17.50 

-1.28 

3.6 

9.7 

10 

24 

17.73 

-1.65 

4.6 

8.0 

11 

24 

18.19 

-1.85 

4.9 

9.8 

12 

24 

18.42 

-1.89 

5.1 

9.0 

13 

24 

18.56 

-2.48 

6.4. 

8.8 

14 

24 

19.23 

-1.98 

4.9 

9.5 

15 

24 

19.42 

-2.36 

5.6 

9.8 

16 

24 

19.90 

-2.24 

5.6 

9.5 

17 

24 

20.19 

-2.10 

5.1 

10.1 

18 

24 

20.06 

-2.16 

5.4 

9.3 

19 

24 

20.31 

-2.29 

5.6 

9.6 

20 

24 

20.88 

-1.72 

4.4 

9.7 

21 

23 

20.85 

-2.21 

5.0 

10.2 

22 

23 

20.89 

-2.43 

5.5 

9.8 

23 

23 

21.22 

-2.29 

5.1 

10.7 

24 

23 

21.39 

-2.29 

5.3 

10.6 

25 

23 

21.59 

-2.20 

4.6 

12.0 

26 

23 

2i.76 

-2.28 

4.5 

13.1 

27 

23 

22.00 

-2.00 

3.9 

13.1 

28 

21 

22.71 

-0.87 

1.8 

11.6 

29 

22 

22.77 

-1.07 

2.0 

13.1 

30 

21 

22.83 

-1.09 

2.2 

11.4 

32 

23 

23.11 

-1.07 

2.1 

12.3 

34 

23 

23.17 

-1.01 

2.0 

11.4 

36 

23 

23.65 

-1.00 

2.0 

11.4 

38 

23 

23.80 

-1.00 

1.8 

12.9 

40 

23 

23.93 

-1.10 

2.0 

13.1      . 

42 

23 

24.48 

-0.59 

1.0 

14.2 

44 

23 

24.00 

-1.52 

2.4 

13.3 

46 

23 

24.24 

-1.44 

2.5 

11.2 

48 

23 

24.07 

-1.38 

2.4 

11.2 

50 

23 

24.04 

-1.46 

2.6 

11.1 
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TABLE  VII. 
Normal  Females ^  1917. 


Age. 

No.  weighed. 

Weight. 

Deviation 

from  normal  of 

19ie. 

Times  probable 

error  of 

difference. 

Variability. 

vska. 

gm. 

per  cent 

4 

24 

10.27 

-2.16 

5.3 

21.4 

5 

24 

12.15 

-1.52 

3.7 

20.0 

6 

24 

13.73 

-1.35 

3.3 

15.2 

7 

24 

14.96 

-1.02 

2.7 

14.2 

8 

24 

15.29 

-1.65 

4.7 

13.3 

9 

23 

16.28 

-1.22 

3.4 

12.1 

10 

22 

16.64 

-1.07 

3.1 

11.5 

11 

22 

17.39 

-0.80 

2.2 

11.0 

12 

22 

17.75 

-0.67 

1.8 

11.3 

13 

22 

18.36 

-0.20 

0.6 

10.3 

14 

22 

18.61 

-0.62 

1.6 

11.0 

15 

22 

19.05 

-0.37 

0.9 

11.0 

16 

22 

18.80 

-1.10 

2.4 

13.9 

17 

22 

19.55 

-0.64 

1.5 

11.0 

18 

22 

19.66 

-0.40 

1.0 

11.0 

19 

22 

20.05 

-0.26 

0.6 

11.0 

20 

22 

20.59 

-0.29 

0.7 

10.2 

21 

22 

21.05 

+0.20 

0.5 

9.5 

22 

22 

21.48 

+0.59 

1.4 

9.8 

23 

22 

21.70 

+0.48 

1.1 

9.0 

24 

•22 

21.68 

+0.29 

0.7 

9.1 

25 

22 

22.25 

+0.66 

1.3 

10.1 

26 

22 

22.77 

+  1.01 

1.9 

10.2 

27 

21 

22.81 

+0.81 

1.6 

10.0 

28 

22 

22.70 

-0.01 

0.0 

9.6 

29 

21 

23.24 

+0.47 

0.8 

11.3 

30 

21 

23.71 

+0.88 

1.7 

11.0 

32 

22 

24.16 

+  1.05 

1.8 

11.4 

34 

22 

24.23 

+1.06 

2.0 

10.8 

36 

22 

24.50 

+0.85 

1.5 

12.3 

38 

5 

24.50 

+0.70 

— 

— 

40* 

18 

23.19 

-0.74 

1.2 

11.4 

42 

17 

23.59 

-0.89 

1.5 

9.2 

44 

17 

24.47 

+0.47 

0.9 

7.1 

46 

19 

24.89 

+0.65 

1.2 

10.2 

48 

19 

25.13 

+  1.06 

1.9 

10.4 

60 

19 

25.53 

+  1.49 

1 

2.9 

9.1 

*  Moved  from  California  to  Toronto. 
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Fig.  3.  Progessive  changes  in  the  growth  curve  of  normal  male  white 
mice  from  July  1914  to  July  1916. 
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*   *    * * 


Fia.  4.  Progessive  changes  in  the  growth  curve  of  normal  female  white 
mice  from  July  1914  to  October  1917. 
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EXPERIMENTAL  STUDIES  ON  GROWTH. 

XI.    THE  GROWTH  AND  SENESCENCE  OF  WHITE  MICE  FED  UPON 
PITUITARY  (ANTERIOR  LOBE)  TISSUE,  TETHELIN,  EGG 

LECITHIN,  OR  CHOLESTEROL. 

By  T.  BRAILSFORD  ROBERTSON  axd  L.  A.  RAY. 
(From  the  Department  of  Biochemistry,  University  of  Toronto.) 

(Received  for  publication,  January  3,  1919.) 

General  Characteristics  of  Effects  Observed. 

In  preceding  articles  of  this  series^  data  were  presented  con- 
cerning the  growth  of  animals  receiving  (superadded  to  a  varied 
and  abundant  normal  diet)  specified  amounts  of  pituitary  (ante- 
rior lobe)  tissue,  tethelin,^  egg  lecithin,  or  cholesterol.  The  results 
reported  at  that  time  extended  only  to  the  60th  week  of  life  and 
the  56th  week  of  the  administration  of  the  substances  added  to 
the  diet.  The  conclusions  reached  were:  (1)  the  pituitary  (ante- 
rior lobe)  tissue  in  doisage  of  one-twelfth  of  an  anterior  lobe  of 
the  ox  per  mouse  per  day  causes  a  retardation  of  growth  during 
the  first  part  of  the  third  or  adolescent  growth  cycle,  followed 
by  a  secondary  or  compensatory  acceleration;  (2)  tethelin  in 
dosage  of  4  mg.  per  mouse  per  day  leads  to  similar  results  of  a 
much  more  pronounced  character  and  extent;  (3)  egg  lecithin  in 
dosage  of  40  mg.  per  mouse  per  day  causes  a  uniform  retardation 
of  growth  probably  originating  in  a  certain  degree  of  toxicity 
of  the  very  large  dose  of  lecithin  or  of  the  choline  split  off  from 
it  during  digestion;  (4)  cholesterol  in  dosage  of  40  mg.  per 
mouse  per  day  causes  a  pronounced  initial  retardation  and  sec- 

1  Robertson,  T.  B.,  J.  Biol.  Chem,,  1916,  xxiv,  385,  397;  xxv,  635,  647. 

*  Concerning  the  preparation,  properties,  and  actions  of  tethelin,  a 
phospholipin  derived  from  the  anterior  lobe  of  the  pituitary  body,  see: 
Robertson,  T.  B.,  J.  Biol.  Chem.,  1916,  xxiv,  409;  Endocrinology,  1917,  i, 
24.  Schmidt,  C.  L.  A.,  J.  Lab.  and  Clin.  Med.,  1916-17,  ii,  711.  Schmidt, 
C.  L.  A.,  and  May,  E.  S.,  ibid.,  1016-17,  ii,  708. 
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ondary  acceleration  similar  in  type  to  that  produced  by  much 
smaller  doses  of  tethelin. 

In  the  previous  reports,  however,  only  the  absolute  magni- 
tudes of  the  observed  deviations  from  normality  were  considered, 
and  no  estimate  of  their  real  significance  in  terms  of  the  probable 
error  of  the  measurements  was  furnished.  In  the  present  experi- 
ments the  results  previously  published  have  been  amplified  by  con- 
tinuing the  observations  from  the  60th  week  to  natural  death, 
and  the  observed  deviations  from  the  normal  have  been  computed 
in  the  only  manner  which  enables  us  to  determine  the  precise  de- 

TABLE  I. 
Summary  of  Tables  II  to  IX. 


Average  ratio  of  deviation  from  normal  Co  probable  error  of 

eatimate. 

Class  of  animaU.        Sex. 

Weeks. 

4-30 

32-60 

t2-W 

92-120 

Pituitary 

« 

Tethelin 

Lecithin 

Cholesterol . . . 

& 
9 

9 

9 

cf 
9 

2.1 
4.0 

4.2 
3.4 

5.0 
5.2 

5.7 
6.5 

0.8 
1.1 

3.9 
2.0 

2.5 
3.3 

3.9 
2.5 

1.1 
0.6 

3.2 
2.7 

4.7 
3.3 

4  5 
3.2 

18 
1  2 

1.0 
2.2 

4.5 
2.7 

4.0 
3.3 

gree  of  significance  they  possess;  namely,  in  terms  of  the  probable 
error  of  the  estimation  of  the  deviations  themselves.' 

These  extended  results  confirm  in  general  the  conclusions  set 
forth  in  the  earlier  reports.  They  are  summarized  in  Table  I, 
and  are  shown  in  detail  in  Tables  II  to  IX  and  Figs.  1  to  8. 

The  greater  the  value  of  the  ratio  of  the  observed  deviations 
from  the  normal  to  the  probable  error  of  their  estimation,  the 
greater  is  the  significance  which  attaches  to  them.  From  Table 
III  of  the  preceding  article,  it  will  be  seen  that  a  deviation  which 
is  twice  the  probable  error  of  the  estimation  has  one  chance  in 
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5.6  of  being  accidental^  while  a  deviation  which  is  six  times  the 
probable  error  of  the  estimation  has  only  one  chance  in  over 
19,000  of  being  accidental  in  origin.  A  ratio  of  less  than  one 
indicates  that  the  observed  deviation  from  the  normal  is  more 
probably  accidental  than  not. 

Table  I  shows  that  in  all  classes  of  animals,  whether  receiving 
pituitary  tissue,  tethelin,  lecithin,  or  cholesterol,  the  deviations 
from  the  normal  expressed  in  probable  error  units  are  greatest  in 
the  first  30  weeks  and  thereafter  diminish  progressively.  Evi- 
dently all  the  different  classes  of  animals  of  the  same  sex  tended 
to  approach  a  common  curve  of  final  equilibrium,  the  attainment 
of  which  was  only  prevented  by  the  onset  of  senescence  and  the 
loss  of  weight  and  mortality  which  ensue.  The  substances  ad- 
ministered to  the  animals,  therefore,  influenced  the  growth  proc- 
ess in  the  way  that  catalyzers  influence  chemical  reactions;  that 
is,  by  affecting  the  velocity  with  which  equilibrium  is  attained 
without  affecting  the  equilibrium  itself. 

In  all  instances,  except  one,  the  effect  of  the  substance  added 
to  the  dietary  was,  during  the  first  30  weeks,  much  greater  in  the 
females  than  in  the  males.  The  sole  exception  is  that  afforded  by 
the  tethelin-fed  animals  in  which  the  effect  upon  the  males  was 
greater  than  upon  the  females.  This  exception  affords  striking 
testimony  to  the  reality  of  the  effects  observed,  for  tethelin  was 
only  administered  to  the  females  for  three  periods  of  1  month 
each  (see  Fig.  4),  while  it  was  administered  to  the  males  daily, 
without  interruption. 

Effects  of  Pituitary  {Anterior  Lobe)  Tissue, 

The  computation  of  the  deviations  in  terms  of  probable  error 
units  shows  that  the  effect  of  the  dosage  of  pituitary  tissue  admin- 
istered upon  the  growth  of  the  male  animals  was  of  uncertain  sig- 
nificance, since  the  observed  deviations  were  only  from  one  to 
two  times  the  probable  error.  That  the  deviations  from  the  nor- 
mal nevertheless  were  real  and  due  to  the  administration  of  the 
pituitary  tissue  is  evidenced  by  the  much  greater  effect  of  the 
same  character  upon  the  female,  consisting  of  retardation  during 
the  earlier  stages  of  growth.  In  both  males  and  females  the  devia- 
tions from  the  normal  after  the  30th  week  are  of  indeterminate 
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significance;  that  is,  the  giowth  curves  of  the  normal  and  of  the 
pituitary-fed  animals  are,  so  far  as  our  estimates  reveal,  identical 
after  7  months  of  age.  Hence  the  preliminary  retardation  of 
growth  has  clearly,  prior  to  the  30th  week,  been  succeeded  by 
acceleration. 

Effects  of  Tethelin, 

The  dosage  of  pituitary  tissue  which  was  administered  to  the 
pituitar>'-fed  animals  corresponded  to  a  dosage  of  only  about 
0.8  mg.  of  tethelin  per  diem.  The  effect  of  4  mg.  of  tethelin  per 
day  is  much  more  marked  and  consists  of  initial  retardation  fol- 
lowed by  marked  secondary  or  compensatory  acceleration.  The 
effects  are  definite  in  magnitude  and  remain  so  until  the  last 
period  of  92  to  120  weeks  (see  Table  I)  when  the  diminishing 
number  of  survivors  in  both  the  normal  and  experimental  groups 
so  enhances  the  probable  error  of  the  estimations  that  marked 
deviations  are  requisite  for  significance. 

It  remains  to  inquire  whether  the  acceleration  of  growth  suc- 
ceeding the  15th  week  in  the  tethelin-fed  groups  is  due  to  the 
tethelin  directly  or  only  indirectly;  whether  it  is  due  to  direct 
stimulation  of  the  growth  process  by  the  tethelin,  or  to  some  com- 
pensatory process  started  in  the  animal  itself  by  the  adminis- 
tration, and  as  a  protection  against  the  retarding  action  of  the 
tethelin. 

In  our  previous  reports  we  subscribed  to  the  former  alternative, 
but  we  now  incline  to  the  latter  since  we  find  that  by  discontinu- 
ing the  administration  of  tethelin  before  the  attainment  of  sexual 
maturity  of  the  animals  the  acceleration  not  only  still  occurs,  but 
is  enhanced.  In  fact,  we  have  succeeded  by  this  method  in 
producing  some  very  large  animals;  namely,  a  number  of  females 
weighing  over  35  aind  even  over  40  gm.  each.  The  details  of  these 
results  will  be  reported  later  but  an  idea  of  their  character  may 
be  obtained  from  the  curv^es  in  Paper  XIV  of  this  series. 

Effects  of  Egg  Lecithin. 

In  our  earlier  reports  we  considered  egg  lecithin  to  be  without 
direct  influence  upon  the  growth  processes,  for  the  reason,  pri- 
marily, that  the  curves  of  growth  of  the  lecithin-fed   animals, 
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although  below  normal,  remained  parallel  to  the  normal  curves 
throughout  the  first  60  weeks  without  exhibiting  the  decisive  de- 
formations of  contour  characteristic  of  the  growth  curves  of  tethe- 
lin-fed  or  cholesterol-fed  animals.  Our  present  method  of  evalu- 
ating the  results  shows  that  our  previous  conclusion  was  incorrect 
and  at  the  same  time  reveals  the  value  of  the  statistical  method 
when  applied  to  investigations  of  this  character. 

The  deviations  from  normality  in  the  first  30  weeks  are  of  such 
magnitude  that  there  is  but  one  chance  in  1,300  that  they  were 
accidental,  nor  could  any  initial  error  in' sampling  the  material 
from  which  the  experimental  animals  were  chosen  have  pro- 
duced these  deviations,  for  during  the  first  few  weeks  of  lecithin 
dietary  the  deviations  from  the  normal  increased  from  three  to  six 
times  the  probable  error  in  the  males,  and  from  0.5  to  six  times 
the  probable  error  in  the  females. 

The  deviation  from  normality,  although  diminishing  somewhat 
(in  probable  error  units)  with  advancing  age,  remained  significant 
throughout  life. 

We  incline  to  the  view  that  the  effects  of  egg  lecithin  in  dosage 
of  40  mg.  daily  are  of  a  twofold  origin.  That  there  is  probably 
some  toxicity  is  indicated  by  the  indifferent  appearance  of  the 
animals  (described  in  our  previous  reports),  by  the  subnormal 
duration  of  life  (cf.  Paper  XII),  and  by  their  remarkable  suscepti- 
bility to  infectious  and  degenerative  lesions  (cf.  Paper  XIII). 
This  is  confirmed  by  the  marked  tendency  (nearly  always  pres- 
ent, but  especially  prominent  in  the  lecithin-fed  animals)  to 
abmodality  in  the  frequency-curve  of  mortality;  i.e.,  the  marked 
divergence  between  the  mean  and  the  median  durations  of  life  (cf . 
Paper  XII).  The  scattering  of  deaths  is  not  uniform  on  either 
side  of  the  greatest  frequency,  but,  on  the  contrary,  the  50  per 
cent  of  animals  which  survive  the  median  duration  of  life  sur- 
vive to  a  greater  age  than  we  should  anticipate  from  the  distribu- 
tion of  the  earlier  deaths.  Hence  a  small  proportion  of  lecithin- 
fed  animals,  notwithstanding  the  subnormal  duration  of  Hfe  of 
the  average,  survived  to  what  would  constitute  a  very  advanced 
age  even  in  normal  animals. 

The  egg  lecithin  employed  was  a  crude  preparation,  obtained 
by  simply  precipitating  the  ether  extract  of  egg  yolks  with 
acetone,  draining,  and  drying  without  reprecipitation.     It  must 
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therefore  have  consisted  of  a  mixture  of  lipins.  We  are  inclined 
to  refer  the  toxicity  of  the  material  to  the  lecithin  itself,  adminifi- 
tered  in  excessively  large  dosage,  while  in  view  of  the  crude 
character  of  the  preparation  used  and  the  ease  with  which  leci- 
thin itself  is  known  to  be  saponified  and  the  consequent  un- 
likelihood of  its  absorption  without  alteration,  we  are  inclined  to 
attribute  its  effects  upon  the  time  relations  of  growth  to  a  sub- 
stance or  substances  associated  with  our  preparations,  rather  than 
to  the  lecithin  itself. 

Effects  of  Cholesterol, 

The  effects  of  cholesterol  in  dosage  of  40  mg.  daily  are  the 
most  marked,  and  consist,  as  previously  stated,  in  decided  initial 
retardation  followed  by  acceleration  of  growth.  The  deviations 
from  normal  are  significant  throughout  life  and  could  not  have 
arisen  accidentally. 

Possible  Errors  of  Sampling. 

The  foundation  upon  which  statistical  comparisons  are  based 
is  the  assumption,  the  correctness  of  which  must  be  verified  in 
each  particular  instance,  that  the  material  subjected  to  measure- 
ment is  uniformly  variable  about  a  fixed  mean,  so  that  successive 
samples  differ  from  one  another  only  fortuitously  and  not  in 
consequence  of  any  systematic  cause  of  variation  or  shift  in  value 
of  the  mean.  Now  as  we  have  seen  in  the  preceding  article 
the  normal  animals  from  which  the  experimental  animals  were 
chosen  were  varying'  and  the  mean  weight  at  every  a^  was 
changing  with  the  lapse  of  time.  It  was  impossible  to  start  all 
these  feeding  experiments  simultaneously,  involving  as  they  did 
the  use  of  over  500  animals,  and  therefore  a  systematic  source 
of  error  underlies  the  results  and  it  becomes  necessary  to  esti- 
mate the  -degree  to  which  it  may  have  affected  their  verity. 

The  experiments  were  begun  in  the  following  order:  normals 
(bom  July  1914),  pituitary  (born  July  1914),  lecithin  (bom 
August  1914),  tethelin,  males  (born  August  1914),  cholesterol 
(born  October  1914),  tethelin,  females  (bom  October  1914).  In 
November  to  December  1914  a  fresh  batch  of  normal  males  was 
chosen,  which,  as  explained  in  the  preceding  article,  were  found  to 
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differ  from  the  July  normals  by  deviations  averaging  only  about 
twice  the  probable  error  of  the  estimate.  Moreover,  their 
growth  curve  showed  no  trace  of  deformation  of  contour  such  as 
the  concavity  between  10  and  20  weeks  which  characterizes  the 
growth  curves  of  tethelin  and  cholesterol-fed  animals.  Quanti- 
tatively and  quaUtatively,  therefore,  the  observed  effects  could 
only  have  been  affected  by  errors  of  sampling  to  an  insignificant 
degree. 

The  reality  of  the  effects  observed  is,  however,  furthermore 
established,'  in  a  striking  way,  by  the  fact  that  in  all  the  ex- 
periments the  effect  of  the  administration  (except  for  the  reasons 
noted  above,  in  the  tethelin  group)  was  much  greater  in  the  fe- 
males than  in  the  males.  The  progressive  alteration  of  the  nor- 
mal with  time  was  very  much  less^  in  the  female  than  in  the 
male.  The  result  is  therefore  the  opposite  of  what  it  would 
have  been  had  the  observed  divergences  from  normality  been  due 
to  errors  in  sampling  the  material  used  for  measurement. 

Effects  upon  Variability, 

The  effects  of  the  various  substances  administered  upon  the 
variabiUty  of  the  animals  were  diverse.  In  all  classes  of  animals 
and  in  both  sexes  the  variability  during  the  early  months  of  growth 
was  depressed  in  proportion  to  the  diminution  of  the  velocity  of 
growth.  In  later  months,  with  the  exception  of  the  cholesterol- 
fed  groups,  the  variability  of  the  males  remained  subnormal,  while 
that  of  the  females  regained  the  normal  level  or  even  exceeded  it. 
Exceptions,  as  stated,  were  afforded  by  both  sexes  of  the  choles- 
terol-fed group,  which,  despite  their  subnormal  weight,  became 
abnormally  variable  in  weight  after  the  first  6  or  7  months.  This 
high  variability  was  probably  attributable  in  part  to  the  disturb- 
ances of  function  arising  from  extensive  deposits  of  cholesterol 
in  various  organs,*  and  the  degenerative  lesions  which  resulted 

*  Anitschkow,  N.,  Beitr.  path.  Anal,  u.  allg.  Path.,  1913,  Ivi,  379;  1914, 
Ivii,  201.  Chalatow,  S.  S.,  Virchows  Arch.  path.  Anat.,  1912,  ccvii,  452; 
Beitr.  path.  Anal.  u.  allg.  Path.,  1914,  Ivii,  85.  Bailey,  C.  H.,  Proc.  Soc. 
Exp.  Biol,  and  Med.,  1914^15,  xii,  68;  1915-16,  xiii,  60. 

The  presence  of  extensive  deposits  of  doubly  refracting  lipoids  in  the 
liver  and  adrenals  of  these  animals  was  confirmed  by  Dr.  C.  H.  Bailey,  to 
whom  our  thanks  are  due  for  examining  many  specimens  of  the  material. 
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therefrom  in  later  months  (Paper  XIII).  It  has  been  pointed  out 
in  connection  with  the  growth  of  children*  that  subnormal  ve- 
locity of  growth,  when  accompanied  by  deleterious  conditions, 
leads  to  enhanced  variability,  while  under  favorable  conditions  it 
leads  to  subnormal  variability. 

In  all  the  different  classes  of  animals,  normal  as  well  as  ex- 
perimental, a  tendency  was  displayed  for  a  small  group  of  simi- 
lar animals  to  survive  to  the  last  weeks.  In  other  words,  a  cer- 
tain small  number  of  animals  which  resembled  each  other  in  sur- 
viving longest  also  resembled  each  other  in  weight,  as  though  a 
certain  rather  definite  weight  standard,  differing  in  each  class  of 
animals,  were  the  most  favorable  for  survival. 

Effects  upon  Senescence, 

In  all  the  growth  curves  (Figs.  1  to  8)  senescent  loss  of 
weight  precedes  by  a  definite  interval  the  average  duration  of 
life,  and  the  terminal  oscillations  of  the  curve  reveal  successively 
steeper  descending  limbs,  showing  that  senescent  loss  of  tissue  is 
proceeding  with  augmenting  velocity  as  age  increases.  The 
position  of  the  maximum  of  the  growth  curve  is,  however,  consid- 
erably affected  by  the  administrations,  and  almost  disappears  in 
the  curve  of  the  tethelin  males  (which  received  tethelin  continu- 
ously) and  in  the  curves  of  the  lecithin-fed  animals.  The  hump 
on  the  nonnal  cur\'c  is  replaced  in  these  cases  by  a  long,  flat- 
tened plateau,  gradually  rising  (tethelin  males)  or  falling  (leci- 
thin males  and  females)  till  the  relatively  rapid  fall  due  to  senes- 
cence super\'enes.  It  is  probably  significant  that  the  greatest 
flattening  of  the  curve  {i,e,y  slowing  of  the  rate  of  change  of 
growth  velocity)  occurred  in  precisely  those  groups  of  animals 
which  displayed  the  greatest  duration  of  life  (tethelin  males), 
or  else  in  which  certain  exceptional  individuals  displayed  a  re- 
markably enhanced  duration  of  life  (lecithin  males). 

*  Robertson,  T.  B.,  Am.  J.  Physiol. ,  1916,  xli,  ^47. 


TABLE  II. 
Pituitary-Fed  MaUs. 


Age. 

No.  weighed. 

Weight. 

Deviation 
from  normal  of 
1914. 

Times  probable 

error  of 

difference. 

Variability. 

tekt. 

gm. 

• 

per  cent 

4 

20 

12.78 

+0.40 

0.8 

22.7 

5 

36 

13.13 

+0.68 

1.7 

24.1 

6 

36 

15.86 

+0.28 

0.6 

22.1 

7 

36 

17.38 

-0.70 

1.5 

17.7 

8 

36 

18.60 

-0.76 

1.6 

17.3 

9 

36 

19.54 

-1.09 

2.3 

14.8 

10 

36 

20.03 

-1.16 

2.3 

15.4 

11 

36 

20.58 

-1.23 

2.7 

14.9 

12 

36 

21.79 

-0.86 

2.0 

11.4 

13 

36 

22.36 

-0.95 

2.1 

10.7 

14 

36 

23.00 

-0.96 

2.1 

10.0 

15 

36 

23.06 

-1.22 

3.0 

9.8 

16 

36 

23.67 

-1.08 

2.5 

9.3 

17 

36 

24.11 

-1.10 

2.5 

9.J9 

18 

36 

*  24.17 

-1.44 

3.3 

9.7 

19 

36 

24.57 

-1.24 

2.8 

10.2 

20 

36 

24.63 

-1.47 

3.5 

9.8 

21 

36 

24.99 

-1.29 

3.0 

9.6 

22 

36 

25.35 

-0.71 

1.7 

11.5 

23 

36 

25.85 

-0.49 

1.3 

8.7 

24 

36 

26.19 

-0.63 

1.4 

10.5 

25 

36 

25.92 

-1.13 

2.5 

9.8 

26 

36 

26.11 

-0.83 

1.8 

9.2 

27 

36 

26.11 

-0.44 

1.0 

8.8 

28 

34 

26.29 

-0.90 

2.0 

8.7 

29 

35 

26.23 

-0.85 

1.9 

8.8 

30 

33 

26.48 

-0.75 

1.9 

8.4 

32 

36 

26.68 

-0.93 

2.2 

9.0 

34 

34 

27.35 

-0.36 

0.8 

9.7 

36 

32 

27.33 

-0.62 

1.4 

9.3 

38 

32 

27.55 

-0.65 

1.4 

9.3 

40 

32 

28.03 

-0.24 

0.5 

9.2 

42 

31 

28.05 

-0.23 

0.4 

10.6 

44 

30 

28.32 

-0.30 

0.6 

10.0 

46 

31 

28.24 

-0.31 

0.6 

10.1 

48 

30 

28.05 

-0.17 

0.3 

11.1 

.50 

30 

28.47 

-0.41 

0.8 

11.2 

52 

30 

28.58 

-0.10 

0.2 

11.2 

54 

30 

28.92 

+0.25 

0.4 

11.4 

56 

30 

28.90 

-0.42 

0.7 

11.1 

58 

30 

29.35 

+0.25 

0.5 

11.0 

60 

30 

29.42 

+0.34 

0.6 

11.0 
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TABLE  ll-^oncluded. 


Age. 

No.  weighed. 

Weight. 

Deviation 

from  normal  of 

1914. 

Times  probable 

error  of 

difference. 

Variability. 

tckt. 

$1Ht 

per  cent 

62 

30 

29.12 

-0.29 

0.5 

10.6 

64 

30 

29.30 

-0.23 

0.4 

11.3 

66 

30 

29.80 

+0.10 

0.2 

11.4 

68 

30 

29.63 

-0.17 

0.3 

11.4 

70 

28 

29.29 

-0.41 

0.7 

11.9 

72 

28 

29.43 

-0.27 

0.5 

11.0 

74 

28 

29.64 

-0.12 

0.2 

11.5 

76 

28 

29.21 

-0.77 

1.4 

11.2 

78 

27 

29.41 

-0.75 

1.1 

10.2 

80 

27 

29.02 

-0.93 

1.7 

9.8 

82 

27 

29.04 

-1.27 

2.2 

10.1 

84 

27 

29.33 

-0.55 

0.9 

10.2 

86 

26 

28.44 

-1.66 

2.7 

8.2 

88 

25 

28.82 

-1.37 

2.1 

9.0 

90 

25 

28.90 

-1.23 

2.1 

8.6 

'92 

24 

28.04 

-2.42 

4.3 

6.5 

94 

24 

28.44 

-1.69 

3.1 

7.9 

96 

24 

28.29 

-1.38 

2.7 

7.8 

98 

23 

28.17 

-1.19 

2.2 

8.4 

100 

23 

28.24 

-1.30 

2.5 

8.1 

102 

21 

28.31 

-1.17 

1.9 

9.2 

104 

21 

27.90 

-1.71 

3.0 

7.5 

106 

21 

28.00 

-1.03 

1.7 

8.1 

108 

17 

27.94 

-0.62 

1.1 

6.7 

110 

16 

27.91 

-0.34 

0.5 

7.6 

112 

13 

28.46 

+0.16 

0.3 

6.3 

114 

12 

27.29 

-0.87 

1.2 

9.1 

116 

11 

27.32 

-0.87 

1.1 

6.8 

118 

11 

27.45 

-0.84 

1.1 

6.7 

120 

11 

27.59 

+0.34 

0.5 

6.3 

122 

11 

27.23 

+0.15 

0.2 

6.2 

124 

11 

27.00 

-0.32 

0.5 

6.6 

126 

10 

26.95 

+0.22 

0.3 

7.9 

128 

7 

26.93 

-0.62 

0.8 

7.9 

130 

6 

25.75 

-2.36 

2.9 

6.5 

132 

6 

26.00 

-2.00 

1.8 

8.1 

134 

6 

25.67 

-2.33 

8.1 

136 

5 

24.90 

-2.10 

7.2 

138 

4 

25.38 

-0.12 

— 

— 

140 

4 

25.13 

-0.87 

«                ^1^1^ 

142 

2 

26.25 

— 

— 

144 

2 

26.00 

. 

146 

2      . 

25.50 

- 

— 

14S 

1 

26.50 

— 
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TABLE  III. 
Pituitary-Fed  Females. 


Age. 

No.  weighed. 

Weight. 

Deviation 

from  normal  of 

1914. 

Times  probable 

error  of 

difference. 

Variability. 

triir«. 

gm. 

per  cent 

4 

31 

9.53 

-0.86 

3.1 

20.5 

5 

35 

11.76 

-0.05 

0.2 

19.6 

6 

35 

13.89 

-0.23 

0.7 

16.1 

7 

36 

14.71 

-2.06 

.        5.4 

15.8 

8 

36 

16.24 

-1.75 

4.5 

15.1 

9 

36 

17.22 

-1.56 

4.1 

13.1 

10 

36 

17.93 

-1.45 

3.7 

12.1 

11 

36 

18.24 

-1.80 

5.1 

10.6 

12 

36 

18.88 

-1.43 

4.1 

9.3 

13 

36 

19.21 

-1.83 

4.8 

10.3 

14 

36 

19.57 

-1.64 

4.3 

9.4 

15 

36 

19.72 

-2.06 

5.1 

10.4 

16 

36 

19.90 

-2.24 

6.1 

9.3 

17 

36 

20.49 

-1.80 

4.9 

9.6 

18 

36 

20.72 

-1.50 

3.9 

9.7 

19 

35 

21.16 

-1.44 

3.8 

9.7 

20 

36 

21.21 

-1.39 

3.9 

9.1 

21 

35 

21.34 

-1.72 

4.4 

9.6 

22 

36 

21.67 

-1.65 

4.0 

10.2 

23 

35 

21.67 

-1.84 

4.6 

9.9 

24 

36 

22.07 

-1.61 

4.1 

10.2 

25 

35 

22.04 

-1.75 

4.4 

10.4 

26 

36 

22.10 

-1.94 

4.8 

10.6 

27 

35 

22.29 

-1.71 

4.2 

10.3 

28 

36 

22.54 

-1.04 

2.8 

10.0 

29 

35 

22.39 

-1.45 

3.5 

10.3 

30 

34 

22.91 

-1.01 

2.4 

9.6 

32 

36 

23.07 

-1.11 

2.6 

10.8 

34 

36 

23.42 

-0.76 

1.8 

10.8 

36 

36 

23.63 

-1.02 

2.4 

10.9 

38 

36 

24.01 

-0.79 

1.6 

12.2 

40 

36 

24.38 

-0.65 

1.4 

11.8 

42 

36 

24.44 

-0.63 

1.3 

12.4 

44 

34 

24.62 

-0.90 

1.5 

13.1 

46 

34 

24.68 

-1.00 

1.7 

13.2 

48 

34 

24.74 

-0.71 

1.2 

13.7 

50 

34 

2,5.38 

-0.12 

0.2 

13.3 

52 

34 

25.71 

-0.05 

0.1 

15.4 

54 

33 

25.82 

-f0.04 

0.1 

15.2 
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TABLE  III — Concluded. 


Age. 

No.  weished. 

Weisht. 

Deviation 

from  normal  of 

1914. 

Timet  probable 

error  of 

difference. 

Variability. 

IT  Art. 

gm. 

per  cent 

56 

33 

26.06 

+0.06 

0.1 

15.0 

58 

33 

26.26 

=*=0.00 

0.0 

15.9 

60 

31 

26.65 

+0.53 

0.7 

14.5 

62 

31 

26.69 

-fO.29 

0.4 

16.0 

64 

31 

716  Al 

-0.17 

0.2 

16.3 

66 

30 

27.02 

+0.37 

0.4 

16.8 

68 

29 

27.29 

+0.74 

0.9 

16.9 

70 

29 

26.90 

+0.77 

0.9 

17.0 

72 

29 

26.95 

+0.39 

0.5 

16.6 

74 

29 

27: 07 

+0.31 

0.4 

16.8 

76 

27 

26.87 

-0.37 

0.4 

15.7 

78 

27 

26.72 

-0.67 

0.8 

13.9 

80 

27 

26.85 

-0.79 

0.9 

16.2 

82 

27 

27.15 

-0.24 

0.3 

17.6 

84 

26 

27.08 

-0.31 

0.3 

17.6 

86 

25 

27.34 

-0.55 

0.6 

17.6 

88 

24 

27.29 

-0.48 

0.5 

14.4 

90 

23 

26.93 

-0.89 

1.0 

15.6 

92 

22 

26.55 

-1.43 

1.6 

11.6 

94 

.   22 

26.52 

-1.01 

1.2 

11.8 

96 

21 

26.76 

-1.27 

1.4 

13.2 

98 

20 

26.58 

-1.31 

1.2 

13.0 

100 

20 

26.03 

-1.39 

1.3 

13.7 

102 

20 

25.88 

-1.74 

1.6 

12.4 

104 

20 

26.18 

-0.88 

0.9 

12.3 

106 

17 

24.97 

-1.60 

1.7 

9.0 

108 

17 

24.88 

-1.94 

1.8 

10.5 

110 

17 

24.82 

-1.48 

1.3 

11.3 

112 

15 

25.27 

-1.43 

1.4 

8.9 

114 

15 

25.30 

+0.87 

1.1 

10.7 

116 

10 

25.50 

+0.93 

1.0 

12.3 

118 

8 

24.50 

+0.21 

0.2 

14.3 

120 

6 

25.08 

+0.94 

0.8 

13.9 

122 

6 

24.75 

-0.18 

0.1 

16.0 

124 

5 

22.90 

-2.03 

1.8 

14.4 

126 

5 

22.50 

-2.00 

1.7 

13.8 

128 

5 

22.50 

-3.30 

2.7 

15.8 
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TABLE  IV. 
Tethelin-Fed  Males.    Continuous  Adminiatraiion. 


Age. 

No.  weighed. 

Weight. 

Deviation 

from  normal  of 

1914. 

Times  probable 

en  or  of 

difference. 

Variability. 

vfk». 

gm. 

per  cent 

4 

7 

13.36 

-fO.98 

— 

5 

20 

13.05 

-fO.60 

1.3 

21.8 

6 

24 

14.69 

-0.89 

1.9 

18.2 

7 

24 

16.54 

-1.54 

3.4 

14.6 

8 

24 

18.21 

-1.15 

2.6 

12.0 

9 

24 

18.98 

-1.65 

3.8 

10.2 

10 

24 

19.50 

-1.69 

3.6 

10.8 

11 

24 

19.92 

-1.89 

4.4 

10.9 

12 

24 

20.56 

-2.09 

4.8 

10.6 

13 

24 

20.88 

-2.43 

5.1 

10.5 

14 

24 

20.88 

-3.08 

6.2 

11.2 

15 

24 

21.21 

-3.07 

7.3 

9.1 

16 

24 

21.90 

-2.85 

6.5 

8.4 

17 

24 

22.65 

-2.56 

6.0 

8.0 

18 

24 

23.21 

-2.40 

5.7 

7.3 

19 

24 

23.79 

-2.02 

4.7 

7.2 

20 

24     . 

24.35 

-1.75 

4.6 

6.3 

21 

24 

24.52 

-1.76 

4.4 

6.2 

22 

23 

24.87 

-1.19 

3.1 

7.6 

23 

23 

24.61 

-1.73 

4.5 

6.4 

24 

23 

24.91 

-1.91 

4.7 

7.7 

25 

23 

25.33 

-1.72 

4.1 

6.7 

26 

23 

25.30 

-1.64 

3.6 

8.1 

27 

23 

25.59 

-0.96 

2.1 

8.0 

28 

23 

25.46 

-1.73 

3.8 

7.4 

29 

23 

25.63 

-1.45 

3.2 

7.9 

30 

22 

25.70 

-1.53 

3.7 

7.2 

32 

23 

26.00 

-1.61 

3.9 

9.6 

34 

23 

26.22 

-1.49 

3.2 

8.8 

36 

23 

26.02 

-1.93 

4.5 

6.9 

38 

23 

26.24 

-1.96 

4.4 

7.4 

40 

23 

26.43 

-1.84 

4.5 

5.4 

42 

23 

26.54 

-1.74 

3.9 

5.8 

44 

23 

26.50 

-2.12 

4.3 

6.9 

46 

23 

26.74 

-1.81 

3.7 

7.0 

48 

23 

26.78 

-1.44 

3.7 

6.9 

50 

23 

26.52 

-2.36 

4.8 

7.8 

52 

23 

26.98 

-1.70 

3.6 

7.2 

54 

23 

27.63 

-1.04 

2.1 

7.0 

56 

23 

27.72 

-1.60 

3.1 

7.7 

58 

23 

27.33 

-1.77 

3.8 

6.7 

60 

23 

26.93 

-2.15 

4.3 

7.3 
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TABLE  lY^Concluiied. 


Age. 

No.  weighed. 

Weight. 

Deviation 

from  normal  of 

1914. 

Timet  probable 

error  of 

difference. 

VariabiUty. 

trjb«. 

gm. 

per  cent 

62 

23 

27.46 

-1.95 

3.9 

7.0 

64 

23 

27.61 

-1.92 

3.8 

7.2 

66 

23 

27.22 

-2.48 

4.8 

7.9 

68 

23 

28.07 

-1.73 

3.4 

7.9 

70 

23 

28.11 

-1.59 

3.1 

7.8 

72 

23 

28.07 

-1.63 

3.1 

7.4 

74 

23 

27.96 

-1.80 

3.4 

8.4 

76     . 

23 

28.52 

-1.46 

3.0 

7.7 

78 

23 

28.17 

-1.99 

3.7 

8.2 

80 

22 

28.61 

-1.34 

2.3 

9.2 

82 

21 

28.50 

-1.81 

3.3 

7.7 

84 

21 

28.12 

-1.76 

3.0 

7.9 

86 

21 

28.38 

-1.72 

2.7 

8.8 

88 

21 

28.21 

-1.98 

3.1 

8.4 

90 

19 

29.32 

-0.81 

1.3 

7.9 

92 

19 

28.82 

-1.64 

2.6 

8.4 

94 

19 

28.89 

-1.24 

2.1 

8.2 

96 

18 

28.86 

-0.81 

1.4 

• 

8.7 

98 

18 

28.83 

-0.53 

0.8 

10.1 

100 

18 

28.78 

-0.76 

1.4 

8.2 

102 

18 

28.58 

-0.90 

1.5 

8.2 

104 

18 

29.00 

-0.61 

1.0 

8.5 

106 

18 

28.78 

-0.25 

0.4 

9.2 

108 

18 

28.83 

-fO.27 

0.5 

7.9 

110 

18 

28.72 

+0.47 

0.7 

7.9 

112 

18 

28.75 

-fO.45 

0.7 

7.8 

114 

18 

28.72 

+0.56 

0.9 

7.3 

116 

15 

28.07 

-0.12 

0.2 

6.7 

118 

13 

28.08 

-0.21 

0.3 

7.7 

120 

13 

27.62 

+0.37 

0.5 

7.3 

122 

13 

27.73 

+0.65 

0.9 

8.4 

124 

12 

27.96 

+0.64 

0.9 

7.6 

126 

12 

27.75 

+1.02 

1.7 

7.1 

128 

10 

27.05 

-0.50 

0.8 

3.8 

130 

9 

26.89 

-1.22 

1.7 

2.6 

132 

9 

26.72 

-1.28 

1.3 

3.9 

134 

7 

26.57 

-1.43 

5.1 

130 

6 

26.58 

-0.92 

5.7 

188 

0 

26.50 

+  1.00 

— 

140 

4 

27.13 

+  1.13 

— 

142 

3 

20.67 

— 

144 

26.00 

— 

— 

. 

I 


TAni/^  V.    » 
Tethelin-Fed  Females.    Disconlinaous  Administration. 


Age. 

No.  weiihed. 

Weiiht. 

Deviation 

from  normal  of 

1914. 

Times  probable 

error  of 

difference. 

Variability. 

trirt. 

gm. 

per  cent 

4 

12 

10.96 

-fO.57 

0.9 

27.6 

5 

16 

13.44 

-fl.63 

3.4 

19.6 

0 

16 

14.94 

+0.82 

1.5 

19.4 

7 

16 

15.78 

-0.99 

1.9 

16.1 

8 

16 

16.19 

-1.80 

4.1 

12.6 

9 

16 

16.63 

-2.15 

4.8 

12.4 

10 

16 

17.03 

-2.35 

4.8 

13.2 

11 

16 

17.53 

-2.51 

4.0 

15.7 

12 

.16 

17.60 

-2.05 

4  0 

16.6 

13 

16 

18.97 

-2.07 

3.8 

14.1 

14 

16 

19.72 

-1.49 

2.9 

11.9 

15 

16 

20.53  ' 

-1.25 

2.4 

11.4 

16 

16 

20.19 

-1  9-) 

4.0 

11.2 

17 

16 

20.59 

-1.70 

3.4 

11  5 

18  ^ 

16 

20.31 

-1  91 

4.0 

10.7 

19 

16 

20.59 

-2.01 

3.9 

11.9 

20 

16 

20.59 

-2  01 

4.0 

12.1 

21 

16 

21.09 

-1.97 

3.9 

11.2 

22 

16 

21.13 

-2.19 

4.2 

11.1 

23 

16 

21.47 

-2.04 

3.8 

12.2 

24 

16 

21.78 

-1.90 

3.4 

12.7 

2-* 

16 

21.75 

-2.C4 

3.6 

12.8 

20 

16 

22.00 

-2.04 

3.4 

13.5 

27 

16 

21.84 

-2.16 

3.7 

13.6 

28 

16 

22.22 

-1.36 

2.3 

14.2 

29 

14 

22.30 

-1.48 

2.3 

14.1 

30 

16 

22.38 

-1.54 

2.3 

15.4 

32 

16 

22.59 

-i.r9 

2.4 

15.4 

34 

16 

23.06 

-1.12 

1.6 

157 

36 

16 

22.88 

-1.77 

2.0 

15  7 

38 

16 

23.44 

- 1 .  31) 

19 

15.0 

40 

16 

23.53 

-1.50 

2.0 

16.9 

42 

16 

23.53 

-1.54 

1.9 

17.9 

44 

16 

23.95 

-1.58 

1.8 

18.8 

46 

10 

23.59 

-2.09 

2.5 

17.8 

48 

16 

23.50 

-1.95 

2.4 

17.1 

r>o 

10 

24.09 

-1.41 

1.7 

17.0 

r)2 

10 

24.41 

-1.35 

1.0 

10.0 

r4 

10 

24.41 

-1.37 

1.0 

17.2 

56 

10 

24 . 5() 

-  1  44 

1.0 

17.1 

58 

10 

24 .  3S 

-1.8.S 

2.1 

10.7 

60 

10 

24.31 

-l.Sl 

2.0 

10.8 

(>2 

10 

24 .  2S 

—  2.12 

2.4 

16.8 

• 
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TABLE  \--Concluded. 


Ace. 

No.  weiched. 

Weicht. 

Deviation 

from  Dormal  of 

1914. 

TinM  prolwble 

eiTor  of 

difraranoe. 

Vmnabnity. 

wkt. 

gm. 

pm-cmu 

G4 

16 

24.34 

-2.30 

2.5 

16.7 

66 

16 

24.16 

-2.29 

2.5 

16.1 

68 

16 

24.06 

-2.49 

2.9 

14.7 

70 

16 

24.06 

-2.07 

2.3 

15.4 

72 

15 

25.07 

-1.49 

1.6 

16.3 

74 

15 

24.70 

-2.06 

2.2 

15.5 

76 

15 

24.90 

-2.34 

2.5 

15.7 

78 

15 

24.73 

-2.66 

2.8 

15.5 

80 

15 

24.77 

-2.87 

2.9  . 

16.4 

82 

15 

23.93 

-3.46 

3.6 

16.0 

84 

14 

24.21 

-3.54 

3.6 

16.6 

86 

13 

24.73 

-3.16 

3.1 

16.1 

88 

13 

24.85 

-2.92 

2.6 

17.9 

90 

13 

24.54 

-3.28 

3.2 

16.8 

92 

11 

24.91 

-3.07 

2.8 

'15.1 

94 

11 

25.41 

-2.12 

2.1 

12.5 

96 

10 

24.85 

-3.18 

3.2 

12.6 

98 

8 

24.56 

-3.33 

2.7 

14.3 

100 

8 

24.25 

-3.17 

2.6 

14.2 

102 

8 

24.56 

-3.06 

2.4 

15.0 

104 

8 

24.19 

-2.87 

2.5 

13.1 

106 

8 

24.00 

-2.57 

2.3 

12.0 

108 

8 

24.06 

-2.76 

2.2 

13.4 

110 

8 

23.44 

-2.86 

2.4 

10.8 

112 

8 

23.13 

-3.57 

3.3 

10.3 

114 

8 

23.31 

-1.12 

1.2 

13.0 

116 

7 

22.79 

-1.78 

1.9 

12.0 

118 

7 

23.36 

-0.93 

0.0 

12.2 

120 

6 

23.00 

-1.14 

1.2 

16.1 

122 

6 

23.08 

-1.85 

1.8 

12.8 

124 

6 

• 

23.17 

-1.76 

1.8 

12.5 

126 

5 

23.80 

-0.70 

0.6 

13.7 

128 

6 

22.60 

-3.20 

3.0 

12.8 

130 

5 

22.70 

-3.10 

13.4 

132 

5 

22.90 

-2.20 

13.3 

134 

5 

22.rr0 

-3.00 

11.1 

•    136 

4 

22.13 

-1.S7 

— 

138 

4 

21.75 

-2.7.') 

— 

140 

4 

21.  S8 

-2.7.") 

— 

142 

4 

21.50 

-3.:i8 

• 

— 

114 

3 

23.33 

-0.67 

— 

116 

2 

22.  •)0 

-2.(K) 

— 

148 

2 

22.  iV) 

-i.:>o 
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TABI£  VI. 
Lecithin-Fed  Males. 


Age. 

No.  i^eighed. 

Weight. 

Deviation 
from  normal 
.  of  1014. 

Times  probable 

error  of 

difference. 

Variability. 

trAr«. 

gm. 

per  <xnt 

4 

18 

10.86 

-1.52 

3.2 

23.1 

5 

36 

11.53 

-0.92 

2.6 

23.2 

6 

36 

13.11 

-2.47 

5.9 

21.7 

7 

36 

15.07 

-3.01 

6.7 

19.4 

8 

36 

16.56 

-2.80 

5.9 

18.5 

9 

36 

17.69 

-2.94 

6.2 

15.8 

10 

36 

19.13 

-2.06 

4.4 

13.7 

11 

36 

20.06 

-1.75- 

4.4 

11.4 

12 

36 

20.50 

-2.15 

5.5 

10.2 

13 

36 

21.10 

-2.21 

5.0 

9.8 

14 

36 

21.49 

-2.47 

5.6 

9.4 

15 

36 

22.17 

-2.11 

5.2 

9.9 

16 

36 

22.22 

-2.53 

6.2 

8.9 

17 

36 

22.60 

-2.61 

6.4 

8.5 

18 

36 

23.25 

-2.36 

5.6 

8.7 

19 

36 

23.72 

-2.09 

5.1 

7.5 

20 

36 

24.04 

-2.06 

5.4 

8.0 

21 

36 

24.17 

-2.11 

5.3 

8.2 

22 

36 

24.86 

-1.20 

3.5 

7.6 

23 

36 

24.57 

-1.77 

4.8 

7.9 

24 

36 

24.43 

-2.39 

6.1 

8.7 

25 

34 

24.50 

-2.55 

6.1 

8.6 

26 

36 

25.10 

-1.84 

4.4 

8.4 

27 

34 

24.97 

-1.58 

3.8 

7.4 

28 

35 

25.26 

-1.93 

4.4 

8.8 

29 

33 

25.27 

-1.81 

4.1 

8.8 

30 

34 

25.74 

-1.49 

3.7 

8.8 

32 

36 

26.04 

-1.57 

3.8 

9.6 

34 

36 

26.32 

-1.39 

3.2 

8.5 

36 

35 

26.86 

-1.09 

2.5 

8.8 

38 

35 

26.84 

-1.36 

3.0 

8.8 

40 

33 

27.02  ' 

-1.25 

2.6 

8.3 

42 

33 

27.23 

-1.05 

2.1 

9.5 

44 

33 

27.15 

-1.47 

2.8 

10.0 

46 

33 

27.17 

-1.38 

2.7 

10.1 

48 

32 

27.47 

-0.75 

1.6 

9.1 

50 

31 

27.44 

-1.44 

2.9 

9.7 

52 

31 

27 .  70 

-0.92 

1.9 

9.3 

54 

30 

2.S.07 

-0.60 

1.2 

8.7 

56 

30 

27.82 

-1.50 

2.8 

9.0 
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TABLE  W-JConiinued. 


Age. 

No.  weighed. 

Weight. 

Deviation 

from  normal 

of  1914. 

Timee  probable 

error  of 

difference. 

VariabUit>. 

vk: 

gm. 

per  cent 

58 

30 

27.93 

-1.17 

2.5 

7.8 

60 

28 

27.75 

-1.33 

2.6 

8.1 

62 

28 

27.50 

-1.91 

3.9 

7.5 

64 

28 

27.93 

-1.60 

3.3 

7.6 

66 

28 

27.86 

-1.84 

3.8 

7.4 

68 

27 

27.44 

-2.36 

4.8 

7.3 

70 

26 

27.81 

-1.89 

3.9 

7.8 

72 

25 

27.66 

-2.04 

4.1 

6.4 

74 

25 

27.60 

-2.16 

4.1 

8.1 

76 

24 

'27.50 

-2.48 

6.2 

7.6 

78 

22 

27.20 

-2.96 

6.4 

5.1 

80 

22 

27.56 

-2.39 

4.9 

6.5 

82 

22 

27.16 

-3.16 

6.8 

7.5 

84 

22 

26.98 

-2.90 

5.4 

6.0 

86 

20 

27.00 

-3.10 

6.2 

6.7 

88 

19 

27.21 

-2.98 

6.0 

6.0 

90 

18 

27.39 

-2.74 

4.8 

6.4 

92 

18 

27.36 

-3.10 

5.6 

5.2 

94 

17 

26.91 

-3.22 

5.9 

6.6 

96 

16 

26.63 

-3.04 

5.7 

6.8 

98 

16 

26.93 

-2.43 

6.1 

6.5 

100 

16 

26.31 

-3.23 

6.2 

7.6 

102 

16 

26.81 

-2.67 

4.8 

6.3 

104 

16 

26.38 

-3.23 

5.9 

6.1 

lOG 

16 

26.28 

-2.75 

4.7 

6.3 

108 

15 

26.99 

-1.57 

2.9 

6.3 

110 

13 

25.65 

-2.60 

4.2 

6.3 

112 

13 

26.42 

-1.88 

2.9 

6.6 

114 

13 

26.00 

-2.16 

3.5 

6.1 

116 

11 

26.27 

-1.92 

2.4 

8.1 

118 

11 

25.32 

-2.97 

4.2 

5.6 

120 

10 

25.50 

—  1.75 

2.3 

6.0 

122 

9 

24.89 

-2.19 

3.4 

5.9 

124 

9 

24.83 

-2.49 

3.9 

4.8 

120 

9 

24.67 

-2.06 

3.8 

5.0 

128 

9 

.      24.39 

-3.16 

4.6 

5.6 

130 

9 

24 .  28 

-3.83 

5.0 

6.0 

132 

9 

24 .  39 

-3.61 

3.5 

7.0 

134 

0 

23.56 

-4.44 

5.0 

136 

0 

23.50 

-4.00 

7.1 

138 

f» 

24.17 

-1.33 

4.1 
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TABLE  M-^oncluded. 


Arc. 

No.  weighed. 

Weight. 

Deviation 

from  normal 

of  1914. 

Times  probable 

error  of 

difference. 

Variability. 

wka. 

gm. 

per  cent 

140 

6 

24.08 

-1.92 

4.6 

142 

5 

25.00 

--- 

4.6 

144 

4 

24.50 

— 

— 

1.5 

146 

4 

24.00 

— 

2.5 

148 

3 

24.17 

— 

— 

150 

3 

24.50 

— 

152 

3 

24.67 

— 

— 

154 

3 

24.67 

— 

— 

156 

3 

20.83 

— 

158 

3 

21.67 

IGO 

2 

20.25 

— 

— 

— 

1G2 

2 

21.50 

— 

164 

1 

21.50 

— 

166 

1 

21.00 

■ 

• 

— 

TABLE  VII. 
LecxtMfi'Fed  Females. 


Aie. 

No.  weighed. 

Weight. 

Deviation 

from  normal  of 

1914. 

Times  probable 

error  of 

difference. 

Variability. 

wk: 

gm. 

per  ecni 

5 

31 

11.42 

-0.39 

1.4 

15.8 

6 

36 

13.35 

-0.77 

2.7 

12.7 

7 

36 

15.04 

-1.73 

5.4 

9.7 

8 

36 

16.47 

-1.52 

4.8 

8.8 

9 

36 

17.00 

-1.78 

5.6 

8.6 

10 

36 

17.32 

-2.06 

5.6 

9.6 

11 

36 

18.08 

-1.96 

5.9 

8.2 

12 

36 

18.67 

-1.64 

4.8 

8.6 

13 

35 

18.71 

-2.33 

6.7 

8.2 

14 

35 

19.26 

-1.95 

5.6 

7.6 

15 

35 

19.72 

-2.06 

5.4 

8.9 

16 

35 

20.03 

-2.11 

5.9 

8.4 

17 

35 

20.26 

-2.03 

5.7 

8.5 

18 

35 

20.50 

-1.72 

4.6 

9.0 

19 

35 

.      20.77 

-1.83 

4.9 

8.6 

20 

35 

20.64 

-1.96 

6.8 

8.5 

21 

35 

21.03 

-2.03 

5.3 

8.8 

22 

35 

21.13 

-2.19 

6.6 

9.1 

23 

35 

21.31 

-2.20 

5.6 

0.0 

24 

35 

21.27 

-2.41 

6.3 

9.4 

25 

35.' 

21.34 

-2.45 

6.3 

9.4 

26 

35 

21.66 

-2.38 

.  6.3 

8.9. 

27 

35 

21.61 

-2.39 

6.0 

9.8 

28 

33 

21.92 

-1.66 

4.5 

9.8 

29 

35 

22.06 

•   -1.78 

4.3 

10.2 

30 

29 

22.34 

-1.58 

3.6 

10.6 

32 

34 

22.29 

-1.89 

4.4 

11.2 

34 

33 

22.56 

-1.62 

3.7 

10.9 

36 

33 

22.88 

-1.77 

4.1 

10.8 

38 

33 

22.82 

-1.98 

4.2 

11.4 

40 

33 

22.97 

-2.06 

4.6 

11.2 

42 

33 

23.00 

-2.07 

4.1 

12.1 

44 

33 

23.129 

-2.23 

3.9 

12.9 

46 

32 

23.20 

-2.48 

4.4 

13.6 

48 

32 

24.02 

-1.43 

2.4 

14.2 

50 

31 

24.08 

-1.42 

2.4 

14.4 

52 

31 

24.60 

-1.16 

1.8 

14.0 

54 

29 

24.55 

-1.23 

1.8 

14.7 

56 

29 

24.28 

-1.72 

2.5 

14.1 

58 

29 

24.69 

-1.57 

2.3 

13.5 

60 

28 

24.09 

-2.03 

2.9 

13.1 

62 

•     28 

23 .  73 

-2.67 

3.9 

12.4 
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TABLE  Vll-Conduded. 


D^tioD 

TiniHprotuble 

At*. 

No.  w«icli*d. 

Weight. 

from  Domal  ot 

d!?^. 

VimbUitr. 

wU. 

m- 

pttttni 

64 

28 

24,34 

-2-30 

3.2 

12.9 

66 

28 

24.82 

-1.63 

2.1 

13.1 

6g 

28 

23  86 

-2.69 

3.5 

14.4 

70 

27 

21,61 

-1.52 

1.9 

14-4 

72 

25 

23,26 

-3.30 

4.2 

15.0 

74 

22 

24  41 

-2,35 

2.9 

U.O 

76 

22 

24,77 

-247 

3.0 

U.5 

78 

22 

24,93 

-2.46 

2.9 

U.3 

80 

22 

24,73 

-2.91 

3.4 

14.4 

82 

22 

24,57 

-2.82 

3,4 

14.4 

84 

2t 

24,19 

-3.56 

4.3 

14,5 

86 

21 

24,31 

-3.58 

3.9 

15,8 

88 

21 

24,52 

-3.25 

3.5 

15.7 

90 

20 

24,55 

-3.27 

-3.5 

17,6 

92 

19 

24.79 

-3.19 

3.1 

17,8 

94 

19 

24,32 

-3.21 

3.1 

18.4 

96 

19 

24,05 

-3-98 

3.8 

18.8 

98 

18 

24,53 

-3.36 

3.0 

17,3 

100 

16 

23,88 

-3.54 

3.1 

16.6 

102 

16 

23,75 

-3.87 

3.5 

14.9 

104 

13 

22.96 

-4-10 

3.9 

13,8 

106 

13 

23,38 

-3-19 

3.0 

U.S 

108 

12 

22,75 

-4.07 

3.6 

12.4 

110 

11 

22,50 

-3.80 

3.2 

13.3 

112 

9 

22,94 

-3.76 

3.5 

10.5 

114 

S 

22,75 

-1.68 

1.9 

10.9 

116 

8 

22,88 

-1.69 

1.8 

12.8 

lis 

8 

22,69 

-1,60 

1-8 

.11,3 

120 

8 

22,69 

-1.45 

1.7 

U.l 

122 

7 

21.93 

-3,00 

3.3 

10. 0 

124 

e 

21.00 

-393 

4-6 

10,6 

126 

5 

21.40 

-3.10 

3-1 

12.0 

128 

6 

21.30 

-4.50 

4,5 

12-3 

130 

6 

21,20 

-4,60 

4.5 

12.9 

132 

5 

21  20 

-3.90 

_ 

12.6 

134 

4 

20.50 

-5.00 

— 

10,2 

136 

4 

20  25 

-3.75 

_ 

11.2- 

138 

3 

21-50 

-3.00 

_ 

_ 

140 

2 

22,00 

-2.63 

_ 

_ 

142 

2 

21.75 

-3.13 

_ 



144 

2 

21.50 

-300 

— 

_ 

146 

1 

19.00 

-5.50 

- 

- 
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TABLE  VIII. 
Cholesterol-Fed  Males. 


Aie. 

No.  w-eighed. 

wk». 

5 

22 

6 

33 

7 

34 

8 

34 

9 

34 

10 

34 

11 

34 

12 

34 

13 

34 

14 

34 

15 

34 

16 

34 

17 

32    • 

18 

34 

19 

32 

20 

34 

21 

.   30 

22 

34 

23 

30 

24 

29 

25 

29 

26 

29 

27 

29 

28 

29 

29 

29 

30 

28 

32- 

34 

34 

34 

36 

34 

38 

33 

40 

27 

42 

32 

44 

32 

40 

32 

48 

32 

50 

32 

52 

32 

54 

32 

50 

32 

Weight. 


Deviation 

from  normal  of 

1914. 

Times  probable 

error  of 

difference. 

-fO.39 

1.0 

-1.52 

3.6 

-2.23 

5.2 

-2.48 

5.6 

-3.84 

7.8 

-3.78 

7.3 

-3.96 

8.2 

-3.69 

7.7 

-2.85 

5.8 

-2.59 

5.3 

-2.40 

5.2 

-2.72 

5.7 

-3.01 

6.7 

"     -2.51 

5.3 

-3.26 

7.4 

gm. 

12.84 

-fO.39 

14.06 

-1.52 

15.85 

-2.23 

16.88 

-2.48 

16.79 

-3.84 

17.41 

-3.78 

17.85 

-3.96 

18.96 

-3.69 

20.46 

-2.85 

21.37 

-2.59 

21.88 

-2.40 

22.03 

-2.72 

22.20 

-3.01 

23.10 

"     -2.51 

22.55 

-3.26 

23.37 

-2.73 

23.47 

-2.81 

24.19 

-1.87 

24.02 

-2.32 

24.43 

-2.39 

24.24 

-2.81 

24.48 

-2.46 

24, 16 

-2.39 

25.00 

-2.19 

24.59 

-2.49 

24.77 

-2.46 

25.34 

-2.27 

25.62 

-2.09 

25.66 

-2.29 

26.18 

-2.02 

26.06 

-2.21 

26.19 

-2.09 

26.27 

-2.35 

27.00 

-1.55 

20.84 

-1.38 

2G.83 

-2.05 

26.78 

-1.90 

27  '0 

-1.17 

20.98 

-2.34 

6.2 
6.5 
4.7 
5.7 
5.3 
6.3 
5.3 
5.3 
4.6 
5.5 
5.1 
4.9 
4.2 
4.7 
4.3 
4.1 
3.9 
4.4 
2.9 
2.9 
4.2 
3.8 
2.2 
4.3 


Variability. 


per  cent 

18.1 
19.3 
16.2 
15.5 
17.9 
18.4 
18.2 
16.1 
13.5 
12.4 
13.3 
12.9 
11.0 
11.5 

9.9 
11.0 

9.1 
10.5 

9.4 
10.3 

8.9 
10.5 

9.2 
10.4 

9.1 
11.2 
11.1 
11.3 
11.8 

9.9 
11.8 
11.5 
10.4 
11.7 

9.4 

9.3 
10.5 

9.9 

9.8 
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TABLE  YlU^ontinued, 


Age. 

No.  weighed. 

Weight. 

• 

Deviation 

from  normal  of 

1914. 

Times  probable 

error  of 

difference. 

Variability. 

wkt. 

gm. 

p<r  cent 

58 

32 

26.78 

-2.32 

4.4 

11.3 

60 

32 

26.88 

-2.20 

4.0 

10.8 

62 

32 

27.06 

-2.35 

4.4 

10.1 

64 

32 

26.98 

-2.55 

4.8 

10.2 

66 

32 

26.95 

-2.75 

5.0 

10.8 

68 

32 

27.06 

-2.74 

5.1 

10.9 

70 

31 

27.23 

-2.47 

4.7 

10.2 

72 

31 

27.23 

-2.47 

4.3 

10.9 

74 

31 

27.31 

-2.45 

4.4 

11.1 

76 

29 

27.59 

-2.39 

4.5 

10.8 

78 

29 

26.93 

-3.23 

5.7 

11.1 

80 

29 

27.41 

-2.54 

4.6 

10.3 

82 

28 

27.71 

-2.60 

4.3 

10.9 

84 

27 

27.13 

-2.75 

4.3 

11.8 

86* 

27 

27.28 

-2.82 

4.1 

12.4 

88 

27 

27.67 

-2.52 

3.7 

11.3 

90 

27 

27.31 

-2.82 

4.2 

12.3 

92 

27 

27.00 

-3.46 

5.2 

12.1 

94 

26 

26.79 

-3.34 

5.0 

13.7 

96 

26 

26.81 

-2.86 

4.5 

13.0 

98 

25 

26.46 

-2.90 

4.5 

13.4 

100 

23 

26.22 

-3.32 

5.4 

14.4 

102 

22 

26.37 

-3.11 

4.3 

13.9 

104 

22 

26.43 

-3.18 

4.5 

13.6 

106 

21 

26.43 

-2.60 

3.7 

12.4 

108 

19 

26.24 

-2.32 

3.5 

12.0 

110 

19 

26.05 

-2.20 

2.9 

12.8 

112 

18 

25.64 

-2.66 

3.3 

14.0 

114 

18 

25.78 

-2.38 

3.0 

13.7 

116 

17 

24.94 

-3.25 

3.7 

13.8 

118 

15 

24.40 

-3.89 

4.2 

15.5 

120 

13 

24.92 

-2.33 

2.5      • 

15.4 

122 

10 

25.40 

-1.68 

1.5 

17.0 

124 

9 

25.56 

-1.76 

1.8 

17.3 

126 

8 

23.94 

-2.79 

3.0 

14.1 

128 

7 

24.36 

-3.19 

3.0 

14.0 

130 

5 

25.50 

-2.61 

2.6 

9.6 

132 

4 

25.63 

-2.37 

1.6 

12.4 

134 

4 

24.38 

-3.62 

10.3 

136 

3 

24.50 

-3.00 

j 

— 
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TABLE  Vlll-Concluded. 


Age. 

No.  wetibed. 

W«icht. 

Deviation      iTiinet  probable 
fiom  normal  ol        error  ol 
1914.          •     differenee. 

Variability. 

lekM. 

fm. 

p§tc9mt 

138 

2 

24.25 

-1.25 

— 

— 

140 

2 

24.25 

-1.75 

— 

— 

142 

2 

24.00 

— 

■ 

144 

2 

24.25 

— 

— 

146 

2 

24.25 

— 

— 

148 

2 

22.50 

— 

— 

— 

150 

2 

22.75. 

— 

— 

152 

2 

22.25 

— 

^^^"^ 

154 

1 

24.00 

— 

— 

156 

1 

23.00 

— 

158 

1 

22.00 

— 

— 

160 

1 

22.00 

— 

TABLE  IX. 
Cholesterol-Fed  Females. 


Age. 

No.  weighed. 

Weight. 

• 

Deviation 

from  normal  of 

1914. 

Times  probable 

error  of 

difference. 

Variability. 

wk*. 

gm. 

per  cent 

5 

14 

13.14 

+  1.33 

2.5 

21.5 

6 

35 

13.10 

-1.02 

3.2 

15.6 

7 

35 

13.90 

-2.87 

7.5 

16.5 

8 

35 

.14.90 

-3.09 

8.1 

15.4 

9 

35 

15.10 

-3.68 

8.8 

17.8 

10 

35 

15.54 

-3.84 

9.4 

15.2 

11 

35 

16.06 

-3.98 

9.3 

18.1 

12 

35 

17.10 

-3.21 

9.5 

16.1 

13 

35 

17.73 

-3.31 

9.2 

16.9 

14 

35 

18.46 

-2.75 

6.2 

14.7 

15 

35 

18.77 

-3.01 

6.8 

13.7 

16 

35 

19.21 

-2.93 

7.0 

13:3 

17 

33 

19.30 

-2.99 

7.3 

12.8 

18 

34 

19.66 

,      -2.56 

6.2 

12.8 

19 

33 

19.65 

-2.95 

7.0 

12.3 

20 

34 

20.12 

-2.48 

6.4 

12.1 

21 

33 

20.24 

-2.82 

6.4 

12.9 

22 

34 

20.35 

-2.97 

6.7 

12.4 

23 

33 

20.48 

-3.03 

6.8 

12.4 

24 

33 

20.80 

-2.88 

6.3 

14.3 

25 

33 

20.94 

-2.85 

6.1 

14.5 

26 

33 

21.24 

-2.80 

5.8 

14.7 

27 

33 

21.32 

-2.68 

5.6 

14.8 

28 

33 

21.56 

-2.02 

4.2 

15.7 

29 

33 

21.62 

-2.22 

4.4 

15.2 

30 

34 

22.07 

-1.85 

3.4 

16.6 

32 

33 

22.08 

-2.10 

3.8 

17.3 

34 

32 

22.28 

-1.90 

3.2 

18.4 

36 

32 

22.41 

-2.24 

3.7 

19.9 

38 

32 

22.89 

-1.91 

2.9 

20.4 

40 

32 

22.88 

-2.14 

3.2 

21.0 

42 

31 

.    22!90 

-2.17 

3.0 

22.8 

44 

30 

23.30 

-2.22 

2.8 

23.1 

46 

29 

24.14 

-1.54 

1.9 

23.0 

• 

48 

29 

23.86 

-1.59 

1.9 

23.4 

50 

28 

23.86 

-1.64 

2.0 

23.0 

52 

27 

24.06 

-1.70 

2.0 

22.4 

54 

27 

24.61 

-1.17 

1.3 

21.9 

56 

27 

24.30 

-1.70 

1.9 

23.1 

58 

26 

24.13 

-2.13 

2.3 

23.0 

60 

26 

24.35 

-1.77 

2.0 

21.1 

62 

25 

24.66 

-1.74 

1.9 

22.3 
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TABLE  IX^oncluded. 


Age. 

No.  weiched. 

Weight. 

Deviation 

from  normal  of 

1914. 

Times  probable 

error  of 

difference. 

Variability. 

vk». 

gm. 

per  cent 

64 

25 

24.38 

-2.26 

2.4 

21.7 

66 

25 

24.28 

-2.17 

2.2 

21.6 

68 

23 

23.91 

-2.64 

3.3 

15.5 

70 

23 

23.87 

-2.26 

2.8 

15.5 

72 

23 

24.24 

-2.32 

2.7 

16.9 

74 

•23 

24.04 

-2.72 

3.2 

15.8 

76 

23 

23.91 

-3.33 

3.9 

16.8 

78 

23 

23.96 

-3.43 

4.0 

16.0 

80 

22 

24.05 

-3.59 

3.9 

17.9 

82 

20 

24.15 

-3.24 

3.4 

18.5 

84 

19 

24.16 

.     -3.59 

3.7 

19.1 

86 

18 

24.06 

-3.83 

3.7 

19.3 

88 

16 

24.31 

-3.46 

3.4 

16.5 

00 

16 

24.38 

-3.44 

3.6 

16.2 

92 

13 

24.31 

-3.67 

3.3 

17.4 

94 

13 

24.50 

*  -3.03 

3.0 

14.8 

96 

11 

24.05 

-3.98 

3.5 

17.1 

98 

10 

22.55 

-5.34 

4.6 

14.7 

100 

10 

23.30 

-4.12 

3.3 

15.9 

102 

10 

23.00 

-4.62 

3.9 

14.2 

104 

10 

23.45 

-3.61 

3.3 

13.3 

106 

10 

23.25 

-3.32 

3.0 

13.7 

108 

10 

22.65 

-4.17 

3.6 

12.9 

110 

9 

22.22 

-4.08 

3.4 

13.1 

112 

9 

22.61 

-4.09 

3.6 

13.0 

114 

9 

22.44 

-1.99 

2.2 

13.0 

116 

7 

22.50 

-2.07 

2.3 

12.2 

118 

7 

21.29 

-3.00 

3.0 

13.1 

120 

6 

21.08 

-3.06 

3.3 

11.9 

122 

6 

21.50 

-3.43 

3.1 

14.6 

124 

6 

21.25 

-3.68 

3.9 

12. .3 

126 

6 

21.58 

-2.92 

2.9 

13.0 

128 

5 

22.30 

-3.50 

.        3.7 

10.9 

130 

5 

22.00 

-3.80 

11.2 

132 

4 

21.25 

-3.85 

6.4 

134 

4 

21.13 

-4.37 

— 

7.8 

136 

4 

21.00 

-3.00 

8.4 

13S 

4 

20.38 

-4.12 

6.1 

140 

4 

20.38 

-4.25 

5.6 

142 

4 

20 .  63 

-4.25 

4.7 

144 

4 

19.25 

-5.25 

7.1 

140 

3 

19.50 

-o.OO 

— 

148 

1 

19.r>0 

-4. .50 

— 

1 .-)() 

1 

16.50 

-7.50 

— 

— 
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EXPERIMENTAL  STUDIES  ON  GROWTH. 

XII.    THE  INFLUENCE  OF  PITUITARY  GLAND  (ANTERIOR  LOBE) 

TISSUE,  TETHELIN,  EGG  LECITHIN,  AND  CHOLESTEROL  UPON 

THE  DURATION  OF  LIFE  OF  THE  WHITE  MOUSE. 

By  T.  BRAILSFORD  ROBERTSON  and  L.  A.  RAY. 
(From  the  Department  of  Biochemistry y  University  of  Toronto.) 

(Received  for  publication,  January  3,  1919.) 

Methods  of  Estimation. 

Previous  estimates  of  the  duration  of  life  of  animals,  such  as 
those  cited  by  Friedenthal,*  are  for  the  most  part  based  upon 
single  or  relatively  few  observations,  and  the  duration  of  life  is 
frequently  estimated  to  be  that  of  the  longest  lived  animal  ob- 
served. So  far  as  we  are  aware,  no  statistical  estimation  of  the 
life  duration  of  animals  has  ever  been  attempted. 

According  to  Mitchell^  mice  of  various  species  in  captivity 
live  for  from  16  to  20  months,  being  presumably  grown  animals 
when  first  introduced  to  captivity.  He  quotes  MetchnikofI, 
without  detailing  the  evidence,  to  the  effect  that  mice  may  at- 
tain the  age  of  6  years,  an  estimate  which  is  certainly  exaggerated. 
According  to  Wood,'  the  "expectation  of  life"  for  a  mouse  is  2J 
years,  but  he  does  not  enumerate  the  data  upon  which  he  bases 
this  estimate,  which,  as  we  shall  see,  is  somewhat  in  excess  of  the 
correct  figure. 

All  the  animals  used  in  the  experiments  reported  in  Papers  I 
to  VI  and  Paper  XII  of  this  series  were  retained  and  the  dietary 
administrations  continued,*  under  exactly  the  same  conditions  as 

1  Friedenthal,  H.,  Zentr.  Physiol.,  1911,  xxiv,  321. 

*  Mitchell,  P.  C,  Proc.  Zool.  Soc.  London,  1911,  pt.  2,  469. 
» Wood,  F.  C,  /.  Am.  Med.  Assn.,  1916,  Ixvi,  94. 

*  The  administration  of  cholesterol  to  the  cholesterol-fed  animals  was, 
however,  discontinued  at  the  end  of  the  2nd  year  owing  to  our  inability 
to  procure  cholesterol  on  the  market,  and  lack  of  time  and  facilities  for 
producing  the  large  quantities  of  cholesterol  required. 
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those  reported  in  Paper  I,*  throughout  their  lives.     The  dosage  of 
*pituitar>'  tissue  was  one-twelfth  of  an  ox  gland  (anterior  lobe) 
per  mouse  per  day;  that  of  tethelin  was  4  mg.  per  day,  and  that 
of  lecithin  and  of  cholesterol  was  40  mg.  per  day. 

When  possible  death  was  allowed  to  occur  naturally;  but  occa- 
sionally,  when  it  appeared  that  valuable  material  for  postmortem 
examination  might  otherwise  be  lost  natural  death  was  antici- 
pated by  a  few  hours  or  at  most  a  few  days,  by  etherization. 

In  estimating  the  part  played  by  senescence  in  detennining  the 
duration  of  life,  deaths  which  are  essentially  accidental  must  be 
excluded.  Such  deaths  include  those  due  to  epidemic  infections. 
The  technique  adopted  in  these  experiments  practically  excluded 
epidemic  infections  from  among  the  causes  of  mortality'.  In 
only  two  instances  were  epidemic  infections  encountered;  namely, 
when  six  normal  females  in  one  nest  developed  pneumonia  fol- 
lowing one  case  which  was  not  isolated  promptly,  and  when  a  whole 
cage  of  animals  (twenty-four)  developed  a  subacute  infection  of 
the  lungs  and  nasal  epithelium.  In  the  former  instance  the  ani- 
mals were  destroyed  and  their  deaths  regarded  as  accidental  and 
not  included  in  the  estimate  of  the  duration  of  life.  In  the  sec- 
ond instance  the  whole  experiment  affected  was  terminated  and 
its  results  were  rejected.    • 

The  majority  of  accidental  deaths  occurred  in  the  first  few 
months  of  life,  and  in  the  first  few  weeks  after  the  transfer  of 
the  animals  from  the  breeding  cages  to  the  experimental  cages. 
sporadic  cases  of  /^-paratyphoid  frequently  developed.  Such  ani- 
mals were  killed,  and  their  nests  and  cages  sterilized.  Fatal  in- 
juries due  to  fighting  also  occurred  among  the  young  males. 
For  these  reasons  all  d(*aths  prior  to  210  days,  when  the  animals 
may  l>e  regarded  as  adult,  are  regarded  as  accidental  and  rejected 
in  the  estimation  of  the  average  duration  of  life. 

<  )n  the  other  hand,  i<poradic  infections  occurring  subsequently 
to  210  flays  are  not  reganltnl  as  acciilental,  but  are  considered 
to  have  been  detennineil  by  the  condition  and  general  resistance 
of  the  animals,  so  that  death  due  to  local  or  generalized  infections 
occurring  in  single  animals  was  probably  occasioned  not  by  ex- 
ceptional  cx[>osure  to  infection,  but  by  lack  of  resistance  to  for- 

Ht>bert-on.  T.  B..  aiul  Ray.  L.  A..  J.  Binl.  Chtm..  1916,  xxiv,  347. 
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merly  acquired  and  chronic  latent  infections,  resulting  from  im- 
pairment of  the  vitaUty  of  the  tissues  by  senescence.  It  was  fre- 
quently observed,  particularly  in  the  case  of  infections  of  the 
genitourinary  organs  in  males,  that  injuries  from  fighting  would 
be  received  early  in  life  and  would  heal  completely,  to  all  ex- 
ternal appearance.  Late  in  life,  usually  at  an  advanced  age 
(i.e.,  exceeding  the  mean  duration  of  life),  abscesses  would  form 
at  the  spot  previously  injured.  It  was  inferred  that  a  localized  in- 
fection had  been  present  from  the  date  of  injury,  but  that  the  gen- 
eral resistance  of  the  animals  had  been  sufficiently  strong  to  pre- 
vent the  infection  from  making  headway  until  senescence  and  the 
consequent  impairment  of  resistance  gave  it  an  opportunity  to 
proceed  and  to  terminate  the  life  of  the  animal. 

Results. 

The  results  obtained  are  summarized  in  Table  I  and  are  shown 
in  detail  in  Tables  II  to  XI  and  Figs.  1  to  10.  In  the  case  of  the 
pituitary  tissue  and  of  the  lecithin  and  cholesterol  administration 
the  deviations  of  the  mean  duration  of  life  from  the  normal  lie 
within  or  almost  within  the  probable  error  of  estimation  (about 

I  month). 

In  the  two  groups  of  animals  which  received  tethelin,  however, 
the  duration  of  life  was  greatly  extended,  exceeding  the  normal 
by  99  days,  or  13  per  cent  of  the  normal  duration  of  life  in  the 
males  which  received  tethelin  continuously,  and  by  81  days,  or 

II  per  cent  of  the  normal  duration  of  life  in  the  females  which 
received  tethelin  intermittently  in  three  periods  of  1  month  each 
prior  to  the  30th  week. 

The  experiments  on  both  sexes  confirm  each  other.  Since  the 
determinations  were  carried  out  in  both  sexes  in  the  same  man- 
ner and  yet  independently,  the  chance  of  both  observed  deviations 
from  normal  being  accidental  in  origin  may  be  estimated  by 
multiplying  the  separate  chances  of  their  being  accidental.  In 
this  way  we  find  that  the  deviations  from  the  normal  duration 
of  life  shown  by  the  pituitary-fed  and  cholesterol-fed  animals 
were  more  probably  accidental  than  not,  and  that  those  displayed 
by 'the  lecithin-fed  animals  were  almost  as  probably  accidental 
as  not  (1  to  1.4).     In  the  ease  of  the  tethelin-fed  groups,  on  th« 
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contrary,  there  is  only  one  chance  in  150  that  the  deviations 
from  the  normal  duration  of  life  can  have  been  accidental.  The 
correlation  of  the  magnitude  of  the  deviation  with  the  dosage  of 
tethelin  administered  to  the  males  and  to  the  females  respectively 
adds  strong  confirmation  to  this  conclusion. 
'  Since  none  of  the  ten  groups  of  animals  investigated,  with 
the  exception  of  the  two  tethelin-fed  groups,  shows  any  deviation 

TABLE  I. 
Summary  of  Tables  II  to  XII , 


Class  of  animals. 


Average 

duration  of 

life. 


Deviation 
from  normal. 


Ratio  of 

deviation  to 

probable 

error. 


Chance 
that  observed 

deviation 
mas  accidental. 


Males. 

Normal 

daif$ 

767 
792 
764 
731 

866 

daw 

+25 
-  3 
-36 
-1-99 

0.76 
0.10 
0.94 
3.00 

Pituitary 

1  to    0.64 

Cholesterol 

1  "     0.06 

Lecithin 

1  "     0.90 

Tethelin 

1  "  22.25 

Females. 

Normal 

719 
704 
658 
677 
800 

-15 
-61 
-42 

+81 

0.48 
1.72 
1.27 
2.25 

Pituitary 

1  to    0.34 

Cholesterol 

1  "     3.06 

Lecithin 

1  "     1.55' 

Tethelin 

1  "     6.75 

Chances  that  the  results  obtained  with  both  sexes  were  accidental. 


Pituitary 1  to    0.2 

Cholesterol 1  "     0.2 

Lecithin 1  "     1.4 

Tethelin 1  "  160. 2 


from  the  normal  duration  of  life  which  may  not  be  regarded  as 
lying  within  the  experimental  error  of  the  estimation,  we  may 
regard  the  normal,  pituitary-fed,  lecithin-fed,  and  cholesterol-fed 
animals  as  forming  collectively  a  series  of  control  animals  and  es- 
timate from  this  increased  number  the  normal  duration  of  life 
with  a  probable  error  reduced  to  approximately  one-half.  .  In 
this  way  we  find  that  the  prolongation  of  life  of  the  tethelin-fed 
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males  beyond  the  average  of  all  other  classes  of  males  was  103 
days,  while  that  of  the  tethelin-fed  females  was  108  days,  and 
the  chance  that  both  these  deviations  from  the  norm  thus  estab- 
lished were  accidental  is  one  in  11,000. 

In  every  group  of  animals  there  is  a  tendency,  more  or  less 
marked,  to  bimodality  of  the  frequency  curve  of  death,  or  curve  of 
the  rate  of  death  at  varying  ages.  This  tendency  is,  however, 
exaggerated  in  both  the  groups  of  tethelin-fed  animals,  so  that  two 
periods  of  mortality  are  separated  by  a  period  during  which  the 
death  rate  sank  to  zero.  The  smaller  proportion  of  the  animals 
died  relatively  early  in  life;  the  larger  proportion  died  in  the  later 
period  of  mortality.  The  prolongation  of  the  mean  duration  of 
life  is  attributable  to  the  remarkable  longevity  of  the  latter 
group. 

The  median  duration  of  life,  or  age  at  which  50  per  cent  of  the 
animals  had  ejtpired,  was  determined  graphically  from  the  curve 
of  total  deaths  by  determining  the  point  of  intersection  with  the 
straight  line  y  =  50  per  cent.  In  every  case  except  the  choles- 
terol-fed males  and  the  pituitary-fed  females  the  median  dura- 
tion of  life  is  less  than  the  average  duration  of  life,  implying  that 
the  animals  which  survive  beyond  the  median  duration  of  life  are 
to  a  slight  extent  selected  animals,  not  differing  fortuitously,  but 
to  some  extent  in  kind  from  those  which  die  earlier.  This  tendency 
towards  asymmetry  of  the  distribution  of  deaths  is  sUght,  the 
deviation  of  the  median  from  the  mean  only  definitely  exceeding 
the  probable  error  of  the  estimation  in  two  instances  (cholesterol- 
fed  females  and  lecithin-fed  males).  In  the  case  of  the  tethelin- 
fed  females  the  median  duration  of  life  was  indeterminate,  be- 
cause it  fell  within  the  period  of  zero  mortaUty  when  a  single 
death  would  have  affected  the  estimate  by  no  less  than  100  days. 

Although  the  lecithin-fed  animals  displayed  .a  diminished 
rather  than  an  enhanced  viability,  yet  a  small  group  of  males 
attained  extraordinary  longevity,  9  per  cent  surviving  to  over. 
1,100  days,  as  compared  with  0  per  cent  of  normals,  3  per  cent  of 
each  of  the  pituitary-  and  cholesterol-fed  groups,  and  4  per  cent 
of  the  tetheUn-fed  group.  Had  we  relied  solely  upon  the  lon- 
gevity of  the  longest  lived  individual  in  estimating  the  duration  of 
life,  therefore,  we  should  have  been  led  to  select  lecithin  as  the 
dietary  addition  most  favorable  to  prolongation  of  existence, 
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whereas,  the  statistical  investigation  reveals  that  it  is  actually 
unfavorable.  The  females  did  not  plainly  exhibit  any  similar 
tendency,  and  we  remain  uncertain  whether  the  remarkable 
longevity  of  the  small  group  of  males  referred  to  was  fortuitous 
in  origin,  or  attributable  to  the  lecithin  or  to  other  substances 
contained  in  the  crude  preparation  of  lecithin  employed. 


TABLE  II. 
Mortality  of  Normal  Males, 


Age-croup. 

No.of  d«ath«. 

Per  cent 
of  toul  deaths. 

Total  per  rent 
of  deatlw. 

Average  age  at 
death. 

daift 

daif$ 

200-300 

2 

6.0 

6.0 

241 

300-400 

0 

0.0 

6.0 

— 

400-500 

0 

0.0 

6.0 

— ~ 

500-600 

4 

12.5 

18.5      • 

mm  m 

600-700 

4 

12.5 

31.0 

652 

700-800 

6 

19.0 

50.0 

731 

800-900 

5 

16.0 

66.0 

847 

900-1,000 

9 

28.0 

94.0 

952 

1.000-1.100 

2 

6.0 

100.0 

1,021 

Total  No.  of  animals 

Average  duration  of  life 

Standard  deviation  of  duration  6f  life 

Probable  error  of  average 

Variabilitv  of  the  duration  of  life 

Median  duration  of  life  (50  per  cent  dead) 
Proba})le  error  of  median 


32 
767  days 
200 
^24 

26  per  cent 
731  days 
^30     " 


« 


« 


i 
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Mortality  of  Normal  Females. 
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Age-group. 

No.  of  deaths. 

daift 

200-300 

1 

300-400 

2 

400-500 

2 

500-600 

5 

600-700 

3 

700-800 

9 

800-900 

5 

900-1,000 

1 

1,000-1,100 

4 

Per  cent 
of  total  deaths. 


3 

6 

6 
16 

9 
28 
16 

3 
13 


Total  per  cent 
of  deaths. 


3 

9 
15 
31 
40 
68 
84 
87 
100 


Average  age  at 
death. 


da  If  a 

293 
348 
495 
545 
684 
760 
845 
967 
1,050 


Total  No.  of  animals 

Average  duration  of  life 

Standard  deviation  of  duration  of  life 

Probable  error  of  average 

Variability  of  the  duration  of  life 

Median  duration  of  life  (50  per  cent  dead) 
Probable  error  of  median 


32 
719  days 
204 
=^24 
28  per  cent 
710  days 
±30 


K 


tt 
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TABLE  IV. 
Mortality  of  Pituitary-Fed   Males. 


Age-group. 

No.  of  deaths. 

Hays 

300-400 

1 

400-500 

1 

500-600 

2 

600-700 

3 

700-800 

8 

800-900 

9 

900-1,000 

3 

1,000-1.100 

3 

1.100-1.200 

1 

Per  cent 
of  total  deaths. 


Total  per  cent 
of  deaths. 


3 

3 

6 

10 

26 

29 

10 

10 

3 


3 

6 

12 

22 

48 
77 
87 
97 
100 


Average  age  at 
death . 


days 

330 
484 
523 
636 
745 
853 
917 
1,033 
1.181 


Total  No.  of  animals 

Average  duration  of  life 

Standard  deviation  of  duration  of  life 

Probable  error  of  average 

Variability  of  the  duration  of  life 

Median  duration  of  life  (50  per  cent  dead) 
Probable  error  of  median 


31 
792  days 
180 
±22 

23  per  cent 
750  days 
=^27 


« 


« 


li 
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TABLE  V. 
Mortality  of  Pituitary-Fed  Females. 


Age-group. 

No.  of  daathji. 

Per  cent 
of  total  deathB. 

Total  per  cent 
of  deaths. 

Average  age  t 
death. 

daift 

dupa 

300-400 

2 

6 

6 

388 

400-500 

5 

14 

19 

446 

500-aOO 

3 

9 

28 

563 

600-700 

3 

9 

37 

634 

700-800 

7 

20 

57 

751 

800-900 

12 

34 

91 

843 

900-1,000 

3 

9 

100 

926 

Total  No.  of  animals 

Average  duration  of  life 

Standard  deviation  of  duration  of  life 

Probable  error  of  average 

Variability  of  the  duration  of  life 

Median  duration  of  life  (50  per  cent  dead) 
Probable  error  of  median 


35 
704  days 
177 
*20 

25  per  cent 
715  days 
^25 


<i 


ii 


« 


TABLE  VI. 
Mortality  of  Tethelin-Fed  Males. 


Age-group. 

No.  of  deatha. 

Per  cent 
of  toUl  deatha. 

Total  per  cent 
of  deaths. 

Average  age  at 
death. 

daift 

iajfa 

500-600 

2 

9 

9 

568 

600-700 

3 

13 

22 

644 

700-800 

0 

0 

22 

— 

800-900 

7 

30 

52 

842 

900-1,000 

5 

22 

74 

940 

1,000-1,100 

5 

22 

96 

1,025 

1,100-1,200 

1 

4 

100 

1,124 

Total  No.  of  animals 23 

Average  duration  of  life 866  days 

Standard  deviation  of  duration  of  life 157    " 

Probable  error  of  average :*=22    ** 

Variability  of  the  duration  of  life 18  per  cent 

Median  duration  of  life  (50  per  cent  dead) 830  days 

Probable  error  of  median =*=28    " 
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TABLE  VII. 
Mortality  of  Tethelin-Fed  Females. 


Ace-group. 

No.  of  daathB. 

Per  cent 
of  total  deathB. 

Total  per  cent 
of  deaths. 

Average  age  at 
death. 

day» 

dayt 

400-500 

1 

6 

6 

496 

500-600 

1 

6 

12 

596 

600-700 

6 

38 

50 

659 

700-800 

0 

0 

50 

— 

800-900 

3 

19 

69 

859 

900-1,000 

1 

6 

75 

984 

1,000-1,100 

4 

25 

100 

1,051 

Total  No.  of  animals 16 

Average  duration  of  life 800  days 

Standard  deviation  of  duration  of  life 158    "    ' 

Probable  error  of  average =^27    " 

Variability  of  the  duration  of  life .* 20  per  cent 

Median  duration  of  life  (50  per  cent  dead) indeterminate 


TABLE  VIII. 
Mortality  of  Lecithin-Fed  Males. 


Age-group. 

No.  of  deaths. 

Per  cent 
of  total  deaths. 

Total  per  cent 
of  deaths. 

Average  age  at 
death. 

dayi 

dayt 

300-400 

2       • 

6.0 

6.0 

348 

400-500 

4 

12.5 

19.0 

435 

500-600 

6 

19.0 

37.5 

552 

600-700 

4 

12.5 

50.0 

640 

700-800 

3 

9.0 

59.0 

765 

800-900 

4 

12.5 

72.0 

848 

900-1,000 

4 

12.5 

84.0 

973 

1,000-1,100 

2 

6.0 

91.0 

1,031 

1,100-1,200 

3 

9.0 

100.0 

1,149 

Total  No.  of  animals 

Average  duration  of  life 

Standard  deviation  of  duration  of  life 

Probable  error  of  average 

Variability  of  the  duration  of  life 

Median  duration  of  life  (50  per  cent  dead) 
Probable  error  of  median 


32 

731  days 
243 
*29 

33  per  cent 
640  days 
*=36 


« 


u 
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TABLE  IX. 
Mortality  of  Lecithin-Fed  Females. 


Age-group. 

No.  of  deaths. 

Per  cent 
of  total  deatha. 

Total  p«'eent 
of  deatha. 

Average  age  at 
death. 

daif*. 

daga 

200-^00 

1 

3 

3 

247 

300-400 

2 

6 

0 

374 

400-500 

5 

15 

24 

456 

500-eoo 

4 

12 

35 

521 

600-700 

5 

15 

50 

658 

700-800 

7 

21 

70 

746 

800-000 

5 

15 

85 

846 

900-1,000 

3 

0 

94 

960 

1,000-1.100 

2 

6 

100 

1,022 

Totel  No.  of  animals 

Average  duration  of  life 

Standard  deviation  of  duration  of  life 

Probable  error  of  average 

Variability  of  the  duration  of  life 

Median  duration  of  life  (50  per  cent  dead) 
Probable  error  of  median 


34 

677  days 
202    " 
-=23    " 

3D  per  cent 
658  da^*^ 
:*=29 
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TABLE  X. 
Mortality  of  Cholesterol-Fed  Males. 


Age-group. 

No.  of  deaths. 

Per  cent 
of  total  deaths. 

1 

Total  per  cent 
of  deatha. 

Average  age  at 
death. 

tfayt 

• 

drngt 

200-^00 

1 

3 

3 

293 

300-400 

1 

3 

6 

329 

400-500 

1 

3 

9 

490 

500-600 

4 

11 

20 

556 

600-700 

5 

14 

34 

678 

700-«)0 

6 

17 

51 

768 

800-000 

11 

31 

83 

861 

900-1,000 

4 

11 

94 

936 

1,000-1,100 

1 

3 

97 

1,077 

1.100-1,200 

1 

3 

100 

1,125 

Total  No.  of  animals 35 

Average  duration  of  life 764  days 

Standard  deviation  of  duration  of  life 178    " 

Probable  error  of  average *20    " 

Variability  of  the  duration  of  life 23  per  cent 

Median  duration  of  life  (50  per  cent  dead) 765  days 

Probable  error  of  median • =*'25    " 
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TABLE  XI. 
Mortality  of  Cholesterol-Fed  Females. 


Age-group. 

No.  of  deathi. 

Per  cent 
of  total  deaths. 

Total  per  cent 
of  deaths. 

Average  age  at 
death. 

day* 

tfay« 

200-300 

2 

6 

6 

263 

300-100 

2 

6 

12 

357 

400-^00 

4 

13 

25 

449 

500-600 

4 

13 

38 

555 

600-700 

9 

28 

66 

652 

700-800 

2 

6 

72 

754 

800-900 

4 

13 

85 

842 

900-1,000 

1 

3 

87 

925 

1,000-1,100 

4 

13 

100 

1,030 

Total  No.  of  animals 

Average  duration  of  life 

Standard  deviation  of  duration  of  life 

Probable  error  of  average 

Variability  of  the  duration  of  life 

Median  duration  of  life  (50  per  cent  dead) 
Probable  error  of  median 


32 

658  days 
220    " 
^26    " 

33  per  cent 
595  days 
=fc33 
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TABLE  Xn. 
Proportion  of  Animals  Surviving  to  Various  Ages. 


Peroentage  surviving^o 

Class  of  animals. 

Days. 

300 

400 

500 

600       700 

800       000 

1.000     1.100 

Males. 


Normal 

Pituitary... 
Cholesterol 

Lecithin 

Tcthelin.... 


94 

94 

94 

81.5 

69 

50 

34 

6 

100 

97 

94 

88 

78 

52 

23 

13 

97 

94 

91 

80 

66 

49 

17 

6 

100 

94 

81 

62.5 

50 

41 

28 

16 

100 

100 

100 

91 

78 

78 

48 

26 

0 
3 
3 
9 
4 


Females. 


Normal 

Pituitary... 
Cholesterol 

lecithin 

Tethelin.... 


97 

91 

85 

69 

60 

32 

16 

13 

100 

94 

81 

72 

63 

43 

9 

0 

94 

88 

75 

62 

34 

28 

15 

13 

97 

91 

76 

65 

50 

30 

15 

6 

100 

100 

94 

88 

50 

50 

31 

25 

0 
0 
0 
0 
0 
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Fig.  1.  Mortality  curves  for  normal  male  white  mice. 
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Fio.  2.  Mortality  curves  for  normal  female  white  mice. 
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Fig.  3.  Mortality  curves  for  pituitary-fed  male  white  mice. 
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Fig.  4.  Mortality  curves  for  pituitary-fed  female  white  mice. 
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Fig.  5.  Mortality  curves  for  tethelin-fed  male  white  mice. 


ItOr^KK  CINT 


VilM.  MATHt 


RATI   m  OtATI 


FiQ.  6.  Mortality  curves  for  tetheiin-fed  female  white  mice. 
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Fig.  7.  Mortality  curves  for  lecithin-fed  male  white  mice. 
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FiQ.  8.  Mortality  curves  for  lecithin-fed  female  white  mice. 
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Fig.  9.  Mortality  curves  for  cholesterol-fed  male  white  mice. 
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Fn:.  10.  Mortality  riirvos  for  cholosterol-fod  female  white  mice. 


EXPERIMENTAL  STUDIES  ON  GROWTH. 

Xin.    LESIONS  EXHIBITED  BY  NORMAL,  PITUITARY-,  LECITHIN-, 
CHOLESTEROL-,  AND  TETHELIN-FED  WHITE  MICE  AT  THE 
OCCURRENCE  OF  NATURAL  DEATH,  WITH  ESPECIAL 
REFERENCE  TO  THE  INCIDENCE  AND  DE- 
VELOPMENT OF  SPONTANEOUS 
CANCER. 

By  T.  BRAILSFORD  ROBERTSON  and  L.  A.  RAY. 
{From  the  Department  of  Biochemistry,  University  of  Toronto.) 

(Received  for  publication,  January  3,  1919.) 

Procedure. 

The  animals  employed  in  the  investigations  described  in  the 
preceding  articles  of  this  series  (Papers  I  to  VI. and  X  to  XII) 
were  invariably  examined  for  lesions  after  the  occurrence  of  nat- 
ural death,  except  in  a  small  proportion  of  cases  in  which  delayed 
detection  of  death  led  to  decomposition  which  rendered  exami- 
nation of  the  tissues  useless  or  impossible. 

Gross  lesions  or  tumors  manifest  to  the  naked  eye  on  examina- 
tion of  the  organs  were  noted  and  sections  of  formaldehyde- 
hardened  material  were  prepared  and  examined  microscopically. 
No  attempt  was  made  to  examine  sections  from  a  variety  of  or- 
gans and  tissues  as  a  routine  procedure,  because  our  facilities 
and  the  time  available  did  not  permit  us  to  undertake  such  a 
task.  For  this  reason  a  considerable  proportion  of  incipient  cases 
of  nephritis,  for  example,  as  well  as  other  lesions  of  interest  and 
importance  may  have  been  overlooked.  The  carcasses  of  all  the 
animals  have  been  preserved  in  formaldehyde  for  further  patho- 
logical studies.  We  feel  confident  that  nearly  all  cases  of 
carcinoma  and  other  new  growths  were  detected  and  identified 
except  in  the  small  proportion  of  cases  in  which  postmortem 
examination  of  the  tissues  was  impossible. 
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In  a  certain  proportion  of  cases  the  naked  eye  examination  of 
the  tissues  revealed  no  obvious  lesions  or  cause  of  death.  Such 
cases  frequently  occurred  in  very  old,  senescent  animals,  in  which 
death  was  probably  due  to  simultaneous  atrophic  degeneration 
of  a  number  of  organs. 

The  results  of  our  postmortem  examinations  are  simimarised 
in  Tables  I  and  II  and  are  given  in  detail  in  Tables  III  to  XII. 
No  deaths  prior  to  210  days  are  included  in  the  tables,  such  deaths, 
as  explained  in  the  preceding  article,  being  regarded  as  essentially 
accidental  in  origin. 

Infections. 

Local  infections  occurred  in  and  were  responsible  for  the  death 
of  a  relatively  large  proportion  of  the  males.  This  is  attributable 
to  injuries  received  in  fighting,  especially  in  the  neighborhood  of 
the  penis  and  testicles.  Late  in  life,  and  frequently  after  com- 
plete heaUng  of  the  traumatisms  as  far  as  could  be  judged 
externally,  these  lesions  became  the  center  of  localized  infections, 
which  frequently  terminated  life  by  blocking  the  passage  of  the 
urethra. 

General  infections  (pneumonia  and  /9-paratyphoid)  were  rare, 
since  especial  precautions  were  taken  to  prevent  infection  from  one 
animal  or  cage  to  another.  Among  all  the  males  an  average  of 
slightly  over  4  per  cent  died,  usually  late  in  Ufe,  from  generalized 
infections,  and  among  the  females  less  than  1  per  cent. 

Carcinoma, 

Tumors  accounted  for  the  death  of  a  great  proportion  of  the 
animals  of  both  sexes  and  of  all  dietary'  classes.  Carcinomas  were 
much  morc  abundant  in  the  females  than  in  the  males,  occurring 
in  27  per  cent  of  all  the  males  and  39  per  cent  of  all  the  females. 
This  figure  corresponds  closely  with  the  average  incidence  found 
by  Lathrop  and  Loeb  in  a  variety  of  different  strains  of  mice.^ 

Xo  definite  effect  of  the  dietary  administrations  upon  the  fre- 
quency of  incidence  of  carcinoma  was  observed.  This  fact  is 
significant  when  the  markedly  accelerative  action  of  cholesterol 

'  Liithrop,  A.  K.  C,  and  Loob,  L.,  J.  Cancer  Research,  1916,  i,  1. 
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TABLE  I. 
Average  Age  at  Death  in  Animals  with  the  Following  Lesions. 


Class  of  animals. 

Carcinoma. 

Sarcoma. 

Decenerative 
lesions. 

Average  durap 
tion  of  life. 

Males. 

Nonnal 

day 

826 
823 
743 

848 
958 

dayt 

717 
765 
681 
586 
766 

day 

998 
855 
874 
837 
1,065 

days 
767 

Pituitary 

792 

Lecithin 

731 

Cholesterol 

764 

Tethelin 

866 

Females. 

Normal 

721 
689 
674 
590 
970 

746 
743 
725 
506 
774 

634 

871 

719 

Pituitary 

704 

Lecithin 

677 

Cholesterol 

658 

Tethelin 

800 

TABLE  IL 
Percentage  of  Animals  Exhibiting  Certain  Lesions  at  Death. 

Cla^s  of  animals. 


Local 
infection. 

General 
infection. 

Carci- 
noma. 

Sarcoma. 

Degener- 
ative 
lesions. 

No 
lesions  as- 
certained. 


Males. 


Normal 

Pituitary. . 
Lecithin.. . 
Cholesterol 
Tethelin... 

Normal 

Pituitary.. 
Lecithin.. . 
Cholesterol 
Tethelin... 


per  cent 

per  cent 

percent 

percent 

percent 

28 

3 

25 

19 

9 

26 

3 

29 

10 

9 

9 

9 

22 

19 

12 

3 

3 

26 

3 

29 

4 

4 

35 

26 

4 

percent 
16 

23 
28 
37 
26 


Fomalos. 


3 

0 

37 

47 

0 

3 

3 

51 

20 

0 

3 

0 

32 

26 

18 

3 

0 

50 

12.5 

21 

0 

0 

25 

44 

0 

13 

23 

21 

12.5 

31 
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and  tethelin  upon  the  growth  of  inoculated  carcinomas  is  recalled,' 
and  it  demonstrates  decisively  the  truth  of  the  generalization  to 
which  other  investigators  have  been  led,' that  the  conditions  favor- 
able to  the  incidence  of  carcinoma  are  quite  distinct  from  those 
which  are  favorable  to  its  growth. 

No  definite  effects  were  observed  upon  the  duration  of  life  of 
the  animals  which  exhibited  carcinomatous  neoplasms  at  death  in 
any  of  the  dietary  classes  except  those  which  received  tethelin 
(4  nig.  daily).  In  these  the  prolongation  of  life  of  the  animals 
exhibiting  carcinomas  at  death  was  even  more  marked  than  the 
prolongation  of  life  of  the  average  tethelin-fed  animals  (132  days 
in  the  males,  and  249  days,  or  33  per  cent  of  the  whole  normal 
duration  of  life,  in  the  females).  Since  no  other  classes  exhibited 
the  slightest  tendency  to  prolongation  of  life  of  the  carcinomatous 
individuals,  we  must  regard  this  effect  as  distinctively  attributable 
to  the  administration  of  tethelin. 

Since  carcinoma  is  essentially  a  disease  which  accompanies  a 
measure  of  senescence,  we  may  infer  that  the  delay  in  the  death  of 
the  carcinomatous  animals  was  due  to  the  fact  that  the  onset  of 
senescence  in  the  tethelin-fed  animals  is  markedly  deferred,  and 
the  spontaneous  origin  of  carcinoma  suffered  even  more  than 
proportionate  delay.  The  fact  that  the  delay  in  the  incidence  of 
carcinoma  was  more  than  proportionate  to  the  prolongation  of  the 
average  life  may  be  correlated  w^th  the  fact  that  senescent  loss  of 
weight,  when  it  does  initiate  in  tethelin-fed  animals,  is  less  rapid 
than  it  is  in  normal  animals  (cf.  Figs.  3  and  4  in  Paper  XI). 

Lathrop  and  Loeb,  in  their  investigations  upon  tumor  incidence 
and  tumor  age  in  mice^  do  not  report  the  death  of  any  animals 
having  tumors  at  ages  exceeding  2  years,  and  our  observations 
upon  mice  of  all  dietary  classes,  other  than  the  tethelin-fed  groups, 
support  the  conclusion  that  the  oldest  animals  do  not  develop 
carcinoma.  In  the  tethelin-fed  groups,  however,  the  reverse  was 
true,   and   the   carcinomatous  growths  were  encountered   most 

abundantly  in  the  animals  which  survived  the  longest. 

« 

2  Robertson,  T.  B..  and  Burnett,  T.  C,  ./.  Exp.  Med.,  1913,  xvii,  344; 
lOlo,  \\\,  2S0:  1!)10,  xxiii,  031.  Sweet.  J.  E.,  Corson-White,  E.  P.,  and 
Saxon,  (i.  J.,  ./.  Biol.  Chvm.,  1915,  xxi,  300. 

3  Wu^rlom,  \V.  ir..  ./.  Exp,  MnL,  1015,  xxii,  766.     Robertson,  T.  B.,  and 

Burnett.  T.  C,  ./.  Ca?,ccr  E.scarch,  lOlS,  iii.  75. 
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The  result  could  not  have  been  influenced  by  hereditary  fac- 
tors, such  as  the  accidental  selection  of  animals  descended  from 
a  small  number  of  common  ancestors  transmitting  these  pecu- 
liarities to  their  offspring,  for  the  male  and  female  groups  of 
tethelin-fed  animals  were  bom  in  August  and  October,  1914,  re- 
spectively, while  the  cholesterol-fed  groups  which  were  selected 
from  the  same  stock  and  did  not  display  this  peculiarity  were 
bom  in  September  and  October,  1914;  that  is,  subsequent  to  the 
birth  of  the  tethelin-fed  males  and  prior  to  the  birth  of  the 
females. 

Even  more  marked  than  the  delay  in  the  incidence  of  carcinoma, 
was  the  delay  of  its  growth  in  the  tethelin-fed  animals.  A  ma- 
jority of  the  animals  exhibiting  carcinoma  in  other  classes  died 
as  a  result  of  growth  of  the  tumor,  and  consequent  interference 
with  the  functions  of  the  organs  in  its  vicinity.  In  the  tethelin-fed 
groups  of  animals,  on  the  contrary,  death  in  nearly  all  cases  oc- 
curred from  other  and  undefined  causes,  possibly  diffuse  senes- 
cent atrophy  of  one  or  more  organs,  not  evident  to  the  naked  eye, 
and  the  carcinoma  was  confined  to  one  or  more  minute  spots  of 
from  1  to  6  mm.  diameter  in  the  lungs. 

This  result  was  very  unexpected,  since  in  animals  which  are 
afflicted  with  inocvkUed  carcinoma,  the  administration  of  tethelin 
causes  marked  acceleration  of  the  growth.  A  reason  for  this  dis- 
crepancy may  possibly  reside  in  the  differing  locality  of  primary 
incidence  in  tethelin-fed  as  compared  with  the  other  classes  of 
animals.  In  all  the  other  classes  the  primary  growth  generally 
occurred  in  the  axilla  or  in  the  groin.  In  the  tethelin-fed  animals 
the  primary  growth  did  not,  as  a  rule,  occur  in  these  localities,  or 
at  all  events  did  not  make  itself  grossly  manifest  there,  the  only 
growth,  in  the  majority  of  cases,  being  found  in  the  lungs. 

Sarcoma, 

Several  types  of  sarcoma  were  encountered,  but  the  most 
common  was  a  lymphosarcoma,  probably  identical  with  the 
lymphoadenoma  of  mice  described  by  Haaland^  and  by  Murray.* 

*  Ilauland,  M.,  Ann.  Inst.  Pasteur,  IfiOo,  xix,  1C5. 

•  Murray,  J.  A.,  Third  scientific  report  of  the  investigations  of  the  Im- 
perial Cancer  Kesearch  Fund.  Lf)ndon.  H-OS.  p.  GO. 
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It  appears,  however,  to  be  more  abundant  in  our  stock  than 
in  the  strains  of  mice  examined  by  Murray,  who  reports  only 
four  cases  in  a  large  number  of  animals. 

This  tumor  consisted  of  masses  of  lymphoid  cells  widely  dis- 
tributed in  the  body  and  sometimes  accompanied  by  lymphoid 
infiltration  of  the  organs,  resembling  Hodgkin's  disease.  In  one 
instance  masses  of  lymphoid  tissue  were  found  even  in  the  brain. 
The  distribution  of  this  tumor  differed  widely  from  that  of  car- 
cinoma, and  diagnosis,  although  always  confirmed  by  the  micro- 
scope, could  confidently  be  made  with  the  naked  eye.  The 
lymphoid  masses  occurred  chiefly  in  the  mesenteric  glands  and 
the  glands  adjacent  to  the  ureters  and  the  kidneys,  while  the 
thymus  was  almost  invariably  the  site  of  a  larger  or  smaller 
growth  and  the  great  majority  of  animals  displayed  a  marked 
splenomegaly.  The  carcinomas,  on  the  contrary,  occurred  in  the 
subepithelial  regions  in  the  groin  and  axilla  and  metastasized  into 
the  lungs,  the  thymus  remaining  unaffected. 

The  frequency  of  the  incidence  of  sarcoma  was  decidedly  re- 
duced by  the  administration  of  cholesterol;  it  was  one-sixth  of 
the  average  in  all  other  classes  of  males  and  one-third  of  the  aver- 
age in  all  other  classes  of  females.  On  the  other  hand,  the  fr€s 
quency  of  the  incidence  of  sarcomas  (almost  all  lymphosarcomas) 
was  greater  in  the  tethelin-fed  animals,  being  twice  the  average 
of  all  other  classes  in  both  males  and  females.  In  the  females, 
however,  the  incidence  did  not  exceed  that  found  in  the  normal 
females.  Probably  this  slightly  increased  frequency  of  incidence 
of  sarcomas  in  the  tethelin-fed  animals  was  due  merely  to  the 
delay  in  the  incidence  of  carcinoma,  permitting  a  greater  pro- 
portion of  sarcomas  to  develop. 

The  duration  of  life  of  the  small  proportion  of  cholesterol-fed 
animals  which  developod  sarcomas  was  decidedly  reduced,  131 
days  below  the  average  duration  of  life  of  the  nonnals  in  the 
males  and  240  days  in  the  females.  In  other  woris,  sarcoma  de- 
veloped early  or  not  at  all.  The  duration  of  life  of  the  tethelin- 
fed  animals  which  developed  sarcomas  was  slightly  above  normal. 

In  all  groups  of  nuilo  animals  the  duration  of  life  of  those 
which  developed  sarcoma  was  less  than  that  of  the  animals  which 
developed  carcinoma.  In  each  of  .the  groups  of  female  animals, 
with  the  exception  of  those  receiving  cholesterol  or  tethelin.  the 
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reverse  was  the  case.  In  all  classes  of  male  animals  the  average 
duration  of  life  of  the  animals  which  developed  sarcoma  was  less 
than  the  average  duration  of  life  for  all  the  male  animals  in  the 
class.  In  each  of  the  classes  of  female  animals,  with  the  exception 
of  the  cholesterol-  and  tethelin-fcd  groups,  the  reverse  was  the 
case.  There  is  therefore  a  correlation  between  sex  and  the  rela- 
tive and  absolute  ages  of  incidence  of  these  two  types  of  tumors, 
and  the  exception  afforded  by  the  cholesterol-  and  tethelin-fed 
groups  may  be  correlated  with  the  abnormal  time  relations  of 
growth  in  these  two  groups,  which  resembled  one  another,  but 
differed  markedly  from  those  displayed  by  the  remaining  classes 
of  anhnals  (cf.  Paper  XI). 

In  eight  of  the  ten  groups  of  animals  studied,  carcinomas  were 
more  numerous  than  sarcomas. 

Degenerative  Lesions. 

Degenerative  lesions,  usually  of  the  kidney,  but  occasionally  of 
the  liver  or  other  organs,  were  frequent  in  the  animals  of  ad- 
vanced age,  and  more  especially  in  the  animals  which  received 
cholesterol.  The  unusual  frequency  of  degenerative  lesions  in  the 
cholesterol-fed  anhnals  must  be  attributed  to  the  extensive  de- 
posits of  cholesterol  which  form  in  various  tissues  of  animals  fed 
unusual  quantities  of  cholesterol,*  and  which  give  rise  to  lesions 
which  subsequently  become  centers  of  degenerative  changes. 
The  presence  of  such  deposits  in  the  livers  and  adrenals  of  our 
animals  was  confirmed  by  Dr.  C.  H.  Bailey,  whom  we  wish  to 
thank  for  examining  a  number  of  specimens.^ 

Degenerative  lesions  in  the  kidneys  (interstitial  nephritis) 
were  most  abundant  in  the  cholesterol-fed  animals,  the  percent- 

•  Chalatow,  8.  S.,  Virchows  Arch.  path.  Ajiat.,  1912,  ccvii.  452;  Beitr.  path. 
Anal,  u.allg.  Path.,  1914,  Ivii,  85.  Anitschkow,  N.,  ibid.,  1913,  Ivi,  379; 
1914,  Ivii,  201.  Bailey,  C.  H.,  Proc.  Soc.  Exp.  Biol,  and  Med.,  1914-15, 
xii.  68;  1915-16,  xiii.  60. 

'  It  is  of  interest  to  note  that  Chalatow  and  Anitschkow  failed  to  elicit 
the  formation  of  deposits  of  cholesterol  in  the  liver  by  administering  cho- 
lesterol by  mouth  to  rats,  although  they  readily  obtained  them  in  rabbits. 
This  may  possibly  indicates  u  (lifTcrcncc  in  the  lipoid  metabolism  of  rats  and 
mice,  or  more  probably  may  merely  be  traceable  to  differences  in  the 
dosages  administered. 
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age  of  obsen'ed  cases  being  four  times  the  average  for  all  other 
classes  in  the  cholesterol-fed  niales  and  six  times  the  average  for 
all  other  classes  in  the  cholesterol-fed  females.     This  fact  is  re- 
markable because,  according  to  the  authors  cited,  manifest  de- 
posits of  cholesterol  do  not  occur  in  the  kidneys  of  normal  animals 
receiving  cholesterol  by  mouth.*    It  has.  however,  been  pointed 
out  by  Weltmann  and  Biach'  that  when  the  kidneys  have  been 
injured,  as,  for  example,  in  uranium  nephritis,  cholesterol  is  de- 
posited in  the  injured  cells  and  may  doubtless  cause  exaggera- 
tion of  the  injury.     We  can  understand,  therefore,  how  adminis- 
tration of  cholesterol  might  increase  and  make  prominent  lesions 
which  would  otherwise  have  remained  latent  or  subacute  until 
death. 

Facilities  did  not  permit  a  special  investigation  of  the  question 
of  cholesterol  deposits  in  the  kidnej's.  and  furthermore  adminis- 
tration of  cholesterol,  through  lack  of  a  sufficient  supply,  was 
discontinued  a  year  before  the  majority  of  the  most  marked 
cases  of  nephritis  developed.  By  this  time  the  original  deposits 
of  cholesterol  might  be  expected  to  have  disappeared,  although  the 
lesions  caused  by  them  would  presumably  have  remained. 


TABIX  HI. 
X  or  mat  Males. 


Cause  of  death. 


Infections,  local 

"  general 

Carcinoma 

Sarcoma 

Degenerative  lesions:  kidneys 

No  cause  ascertained 

Average  duration  of  life 


Proportion  of 
total  deatha. 


percent 

28 

3 
25 
19 

9 
16 


•Anitschkow,  X.,  Denhch.  mcd.  Woch.,  1913.  xxxix,  741. 
•Weltmann,  O.,  and  Biach,  P.,  Z.  exp.  Path.  u.  Therap.,  1913,  xiv,  367, 
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TABLE  IV. 
Normal  Females. 


Cause  of  death. 


Infections,  local 

"  general 

Carcinoma 

Sarcoma 

Degenerative  lesions 

No  cause  ascertained 

Average  duration  of  life 


Proportion  of 
total  deaths. 


per  cent 

3 

0 
37 
47 

0 
13 


TABLE  V. 
Pituitary-Fed  Males. 


Cause  of  death . 


Infections,  local 

"  general 

Carcinoma 

Sarcoma 

Degenerative  lesions 

Kidneys 

Liver 

No  cause  ascertained ... 
Average  duration  of  life 


Proportion  of 
total  deaths. 


per  cent 

26 

3 

29 

10 


6 

3 

23 


TABLE  VI. 
Pituitary 'Fed  Females. 


Cause  of  death. 


Infections,  local 

"  general 

Carcinoma 

Sarcoma 

Degenerative  lesions 

No  cause  ascertained . . . 
Average  duration  of  life 


Proportion  of 
total  deaths.! 


per  cent 

3 

3 
51 
20 

0 
23 
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TABLE  Vn. 
Lecithin-Fed  Malen. 


Cau«e  of  doAth. 


Areniceaceac     Proportion  <rf 
doAth.  total  deuhi. 


iDfectiona,  local 

**  general 

Carcinoma 

Sarcoma 

Dei^nerative  lesions 

Kidneys 

Stomach 

No  cause  ascertained 

Average  duration  of  life 

TABLE  Vin. 
Lecithin-Fed  Females. 

Cause  of  death. 


per  cent 
9 

9 
22 
19 

9 
3 

28 


Infections,  local 

"  general 

Carcinoma 

Sarcoma 

Degenerative  lesions 

Kidneys 

Ulcers 

Intestine 

No  cause  ascertained 

Average  duration  of  life 

TABLE  IX. 
Cfuflealerol-Fcd  Malt.^ 

Cause  of  death. 


Proportion  of 
total  deaths. 


percent 

3 

0 
32 
26 

6 

9* 
3 
21 


Infections,  local 

"  general 

Carcinoma 

Sarcoma 

Dc^oncrative  lesions 

Kidneys 

Liver 

No  cjiuse  ascertained 

Average  duration  of  life 


Proportion  of 
total  deaths. 


per  cent 

3 

3 

26 

3 


26 

3 

37 
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TABLE  X. 
Cholesterol-Fed  Females, 


Cause  of  death. 


Infections,  local 

"  general 

Carcinoma 

Sarcoma 

Degenerative  lesions 

Kidneys 

Ovary 

Liver 

No  cause  ascertained 

Average  duration  of  life 


Proportion  of 
total  deaths. 


pir  cent 

3 

0 
50 
12.5 

9 
9 
3 
12.5 


TABLE  XI. 
Teihelin-Fed  Males. 


Cause  of  death. 


Infections,  local 

"  general 

Carcinoma 

Sarcoma 

Degenerative  lesions,  kidneys 

No  cause  ascertained 

Average  duration  of  life 


Average  age  at 
death. 


Proportion  of 
total  deaths. 


TABLE  Xn. 
Tethelin-Fed  Females. 


Caiise  of  death. 


Infections,  local 

"  general 

Carcinoma 

Sarcoma 

Degenerative  lesions 

No  cause  ascertained 

Average  duration  of  life 


Average  age  at 
death. 


Proportion  of 
total  deaths. 


fMT  cent 

0 
0 

25 

44 

0 

31 


% 


EXPERIMENTAL  STUDIES  ON  GROWTH. 

XIV.    FURTHER  EXPERIMENTS  ON  THE  INFLUENCE  OF  TETHELIN 
UPON  THE  GROWTH  OF  THE  WHITE  MOUSE. 

By  T.  BRAILSFORD  ROBERTSON  and  L.  A.  RAY. 

(From  the  Department  of  Biochemistry j  University  of  Toronto.) 

(Received  for  publication,  January  3,  1919.) 

In  1914  two  experiments  on  the  influence  of  tethelin  upon  the 
growth  of  the  white  mouse  were  begun.  In  one  of  them,  consist- 
ing of  twenty-four  animals,  the  administration  (4  mg.  per  day) 
was  continuous,  while  in  the  other,  consisting  of  sixteen  animals, 
the  administrations  were  discontinuous,  being  confined  to  three 
periods  of  4  weeks  each  in  the  first  30  weeks  of  life.  The  results 
of  these  experiments,  up  to  the  60th  week  of  life,  were  reported  in 
1916  in  Paper  IV  of  this  series,^  while  the  results  from  the  ini- 
tiation of  the  administrations  until  the  natural  death  of  the  ani- 
mals are  reported  in  Paper  XI. 

Further  experiments  were  not  conducted  at  that  time,  owing  to 
lack  of  facilities  for  the  production  of  suflScient  tethelin  for  daily 
administration  to  so  many  animals.  In  1916  more  abundant  sup- 
plies of  tethelin  became  available  and  a  third  and  fourth  group 
of  animals  were  started  upon  tethelin,  and  in  1917  a  fifth,  com- 
prising a  total  of  134  animals  in  five  different  groups:  three  of 
females  (total,  88  animals)  and  two  of  males  (total,  46  animals). 

The  effectiveness  of  discontinuous  administrations  of  tethelin 
in  producing  the  characteristic  deformations  of  the  growth  curve 
that  accompany  the  administration  of  tethelin,  led  to  the  inves- 
tigation of  the  effects  of  a  single  relatively  brief  period  of  admin- 
istration in  two  of  the  three  new  experimental  groups;  namely,  in 
a  group  of  24  females  started  in  1916,  and  a  group  of  22  males 
started  in  1917.  In  these  experiments  tethelin  (4  mg.  per  day) 
was  administered  for  8  weeks  only,  from  the  4th  to  the  12th 

>  Robertson,  T.  B.,  /.  Biol.  Chem,,  1916,  xxiv,  397. 
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week  of  age,  and  then  discontinued  for  the  remainder  of  the 
animal's  life.  In  the  remaining  experiment  48  females  received 
tethelin  continuously  (4  mg.  per  day). 

The  results  are  shown  in  Tables  I  to  III  and  Figs.  1  to  3.  The 
figures  show  in  every  case  the  characteristic  deformation  of  the 
growth  curve,  resulting  in  a  marked  concavity  in  what  would 
normally  be  the  most  rapidly  rising  part  of  the  curve.  In  no  other 
experimental  group  except  those  receiving  cholesterol,  and  in 
none  of  the  six  groups  of  normals  studied  during  this  period  (cf. 
Paper  X)  has  this  marked  concavity  in  the  curve  of  growth  been 
noted,  and  it  has  occurred  in  five  separate  groups  of  tethelin-fed 
animals. 

The  concavity  in  the  curve  of  growth  is  the  expression  of  pre- 
liminary retardation  preceding  sexual  maturity,  followed  by  a 
secondary  or  compensatory  acceleration  accompanying  and  suc- 
ceeding sexual  maturity. 

In  our  previous  reports  we  inclined  to  the  view  that  the  ac- 
celeration, in  common  with  the  retardation,  was  directly  due  to 
tethelin.  We  now  believe  that  while  the  retardation  is  due  to 
tethelin,  the  acceleration  is  due  to  compensatory  factors  which 
develop  in  the  animal  itself  in  response  to  the  abnormal  dosage 
of  the  active  principle  of  the  anterior  lobe  of  the  pituitary  body. 
We  prefer  this  view  since  the  compensatory  acceleration  is  more 
intense  when  the  retarding  factor,  tethelin,  is  discontinued 
after  the  12th  week  of  age  and  8th  week  of  the  administration. 
This  fact  is  evident  from  Figs.  2  and  3. 

In  adult  animals  which  receive  tethelin  continuously,  the 
compensatory  acceleration  disappears,  and  the  ciurves  of  the 
tethclin-fed  and  normal  animals  become  nearly  parallel,  the  nor- 
mals increasing  in  weight,  in  fact,  more  rapidly  than  the  tethelin- 
fed  animals  until  the  onset  of  senescence.  But  in  animals  which 
have  only  received  tethelin  from  the  4th  to  the  12th  week  the 
acceleration  continues  in  most  marked  degree.  The  effects  of 
brief  administration  upon  late  growth  will  be  reported  subse- 
quently but  it  may  be  stated  that  by  this  means  we  have  suc- 
ceeded in  producing  a  number  of  exceptionally  large,  animals. 

In  the  females  of  1916,  receiving  the  brief  administration  of 
tethelin,  the  secondary  acceleration  led  very  early  (at  11  weeks) 
to  intersection  of  the  normal  curve  by  the  curve  of  the  tethelin- 
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fed  animals,  retardation  being  displayed  only  by  the  accelera- 
tion which  succeeded  it.  In  the  males  of  1917  the  intersection 
with  the  curve  of  the  1916  normals^  occurred  at  a  later  period  (18 
weeks).  The  growth  curves  of  animals  receiving  tethelin  continu- 
ously ,do  not  intersect  the  normal  curve  until  advanced  old  age, 
when  the  delay  of  senescence  in  the  tethelin-fed  animals  confers 
an  advantage  upon  them  relatively  to  the  normals. 

Since  the  direct  action  of  tethelin  would  thus  appear  to  con- 
sist exclusively,  so  far  as  the  whole  animal  is  concerned,  of  re- 
tardation of  growth,  the  question  presents  itself  how  the  accelera- 
tion of  growth  of  epithelial  tissues  in  situ  arises  which  is  noted  in 
the  effects  of  tethelin  upon  the  healing  of  superficial  wounds' 
and  upon  the  growth  of  inoculated  carcinoma.*  Two  possibilities 
suggest  themselves;  namely,  that  tethelin  accelerates  the  growth  of 
epithelial  tissues  and  directly  or  indirectly  retards  the  growth  of 
the  other  and  collectively  more  bulky  tissues,  or  that  tethelin 
retards  the  growth  of  all  tissues,  but  indirectly  accelerates  the 
growth  of  epithelial  tissues  in  situ  by  disproportionately  retard- 
ing the  growth  of  other  tissues,  and  thus  favoring  the  epithelial 
tissues  in  the  competition  for  nutritive  materials.  Between 
these  two  alternatives  a  decision  may  be  reached  only  by  ex- 
periments in  vitro,  for  which  the  opportunity  has  hitherto  been 
lacking. 

*  No  1917  normals  were  available  for  comparison,  but  since  in  1916  our 
stock  was  already  approaching  a  stable  type  (cf .  Paper  X)  it  is  probable 
that  the  1917  normals  would  not  have  differed  appreciably  from  those  of 
1916. 

*  Robertson,  T.  B.,  /.  Am.  Med.  Assn.,  1916,  Ixvi,  1009.  Barney,  E.  L., 
/.  Lab.  and  Clin.  Med.,  1917-18,  iii,  480. 

*  Robertson.  T.  B.,  and  Burnett,  T.  C,  /.  Exp.  Med.,  1916,  xxiii,  631. 
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TABLE  1. 

Ttlhrlin-Fed  Femalr.i.  1918.    Continuou*  Admin 


An. 

Mo.  ««fh«l. 

W«(ht. 

DfvUlioD 

rroDinarmkI 

d^(^. 

V«»Mii7. 

.U. 

f*. 

pirtmt 

30 

10  23 

-3,20 

5.8 

19.  S 

4» 

11  78 

-1,S9 

5.4 

22.0 

48 

13  28 

-1,82 

4.8 

19.4 

48 

14.65 

-1.33 

3.8 

18.4 

48 

15,85 

-1,09 

3.2 

17.3 

48 

1fl.S9 

-0  91    . 

2.8 

14.5 

4S 

17  03 

-0  70 

2.4 

13.5 

48 

17  36 

-0,83 

2.4 

14.2 

48 

17,70 

-0,72 

2,1 

13,8 

49 

18.07 

-0  49 

1.4 

14.1 

48 

18.31 

-0.92 

2.4 

14.6 

48 

18.67 

-0.75 

20 

15.6 

48 

18.91 

-0.99 

2,7 

14.9 

48 

in. 22 

-0  97 

2.5 

15.1 

48 

19  21 

-0  85 

2,1 

15.4 

48 

19,55 

-0  96 

2,4 

15.3 

20 

48 

19.66 

-1.22 

30 

15.4 

21 

48 

19.93 

-0.92 

2,2 

15-2 

22 

48 

19.86 

-1,03 

2.5 

14-8 

23 

48 

20  13 

-1  09 

2,5 

14  8 

24 

48 

20,16 

-1.23 

2,9 

14-9 

25 

48 

20  39 

-1.20 

2.5 

15-1 

2C 

48 

20  54 

-1.22 

2,5 

13-9 

27 

48 

20  56 

-1.44 

3,0 

13.7 

2S 

48 

20.58 

-2.13 

4.4 

14.0 

20 

46 

20  44 

-2.33 

4,5 

14-8 

30 

45 

20  76 

-2.07 

4.2 

14.7 

32 

48 

21,38 

-1,73 

3.5 

14.0 

34 

48 

21,81 

-1.36 

2,8 

14.4 

3(1 

48 

22.10 

-1.55 

3.1 

15.3 

3S 

48 

22,31 

-1.59 

2,9 

15.3 

40 

48 

22,67 

-1,20 

2.2 

16.6 

42 

47 

23.09 

-1.39 

2.4 

14.3 

44 

47 

23.78 

-0.22 

0.4 

13.8 

40 

47 

23  55 

-0  69 

1.4 

14.3 

4S 

47 

24  04' 

-0  03 

O.I 

15.3 

50 

47 

24,  CO 

+0.16 

0.3 

15.2 
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TABLE  II. 
Tethelin-Fed  Females,  1916.    Brief  Administration. 


Age. 

No.  weighed. 

Weight. 

Deviation 

from  normal 

of  1910. 

Times  probable 

error  of 

difference. 

Variability. 

wk». 

gm. 

per  cent 

4 

13 

10.54 

-1.89 

5.6 

9.0 

5 

24 

12.63 

-1.04 

2.4 

.    20.0 

6 

24 

13.92 

-1.16 

2.7     . 

16.2 

7 

24 

15.54 

-0.44 

1.0 

15.9 

8 

24 

16.46 

-0.48 

1.2 

15.0 

9 

24 

17.23 

-0.27 

0.6 

14.8 

10 

24 

17.58 

-0.15 

0.4 

14.2 

11 

24 

18.35 

+0.16 

0.4 

13.4 

12 

23 

19.46 

+  1.04 

2.4 

13.6 

13 

23 

19.91 

+1.35 

3.4 

11.8 

14 

23 

20.43 

+1.20 

2.7 

13.3 

15 

23 

20.63 

+1.21 

2.7 

12.6 

16 

23 

21.04 

+1.14 

2.6 

11.7 

17 

23 

21.46 

+  1.27 

2.8 

11.4 

18 

23 

21.98 

+1.92 

4.3 

12.0 

19 

23 

22.48 

+2.17 

4.6 

12.1 

20 

23 

22.20 

+  1.32 

2.9 

11.9 

21 

23 

22.70 

+  1.85 

3.7 

12.7 

22 

23 

22.67 

+1.78 

3.6 

12.4 

23 

23 

22.80 

+1.58 

3.2 

12.1 

24 

23 

23.22 

+1.83 

3.7 

12.3 

25 

•    23 

23.35 

+  1.76 

3.1 

13.0 

26 

23 

23.65 

+1.99 

3.4 

12.6 

27 

23 

23.52 

+1.52 

2.5 

14.3 

28 

23 

23.59 

+0.88 

1.4 

15.1 

29 

23 

23.52 

+0.75 

1.2 

13.3 

30 

23 

24.00 

+  1.17 

1.9 

14.7 
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TABLE  m. 
TfiUlin^fd  UqUm,  1917.     Brigf  Admimftrmtti 


Ko. 


dWH. 


vks. 

1 

f«. 

P^'^ 

4 

14 

10.50 

-1.79 

3.4 

!         ISS 

5 

22 

12.C» 

-1.2D 

23 

21  0 

• 

22 

13.82 

-1.22 

2.4 

19  6 

7 

•   22 

15  16 

-1.67 

3.4 

170 

H 

22 

15.57 

-251 

5  2 

15  9 

9 

22 

16d5 

-2.05 

4.3 

14  3 

10 

22 

17.86 

-1.77 

3.9 

130 

11 

22 

18.57 

-1.39 

3.2 

11  0 

12 

22 

19.75 

-0.69 

1.5 

10  9 

13 

22 

19.66 

-1.26 

2.8 

9  /=i 

14 

22 

20.84 

-0.47 

1.2 

7  4 

15 

22 

21.41 

-0.42 

1.0 

S3 

16 

22 

21.84 

-0  31 

0.7 

« . « 

17 

22 

22.36 

-0.06 

0.1 

6  8 

18 

20 

23.18 

40.60 

1.4 

6.S 

19 

20 

23.58 

+0.87 

2.1 

7.1 

20 

20 

24  08 

+  1.06 

2.5 

7.3 

21 

20 

24  45 

+  1.35 

3.2 

7.5 

22 

20 

24  68 

+  1.26 

2.9 

« . « 

23 

20 

25.05 

+  1.56 

3.5 

7.9 

24 

20 

25.43 

+  1.80 

4.5 

7.1 

2o 

20 

25.80 

+  1.95 

4.6 

8.1 

26 

20 

25.80 

+  1.70 

4.3 

6.5 

27 

20 

2.5.90 

+  1.59 

3.9 

7.6 

28 

20 

25.95 

+  1.04 

3  7 

7.9 

29 

19 

25.97 

+  1  32 

3  3 

6.9 

30 

20 

20.6.5 

+  1.74 

1          3.7 

7.8 
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Fic.  1.  Influence  of  tethelin  upon  the  growth  of  female  white  mice. 
Administration  continuous.    Dopage  4  mg.  per  clay.  ' 
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Fig.  2.  Influence  of  tethelin  upon  the  growth  of  female  white  mice. 
Administration  discontinued  at  12  weeks  (indicated  by  vertical  cross 
mark).    Dosage  4  nig  per  day. 
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Fig.  3.  Influence  of  tethelin  upon  the  growth  of  male  white  mice.  Ad- 
ministration discontinued  at  12  weeks  (indicated  by  vertical  cross  mark.) 
Dosage  4  mg.  per  day. 


ABSORPTION  SPECTRA  OF  ACID  HEMATIN,  OXYHE- 
MOGLOBIN, AND  CARBON  MONOXIDE  HEMO- 
GLOBIN.   A  NEW  HEMOGLOBINOMETER. 

By  H.  S.  newcomer. 

(From  the  Henry  Phipps  Institute  of  the  University  of  Pennsylvaniaf  Phila- 
delphia, and  the  U.  S.  Naval  Medical  School,  Washington.) 

(Received  for  publication,  January  24,  1919.) 

This  paper  contains  spcctrophotometric  data  on  two  hemo- 
globin derivatives.  The  transmissions  of  solutions  of  oxyhemo- 
globin, acid  hematin,  and  carbon  monoxide  hemoglobin  for  light 
in  the  visible  and  ultra-violet  portions  of  the  spectrum  are  given. 
The  data  have  a  certain  abstract  interest.  They  serve  to  corre- 
late properly  spcctrophotometric  values  with  oxygen  capacity. 
The  immediate  purpose  in  securing  them  was  that  they  might  serve 
as  a  basis  for  work  on  colorimetric  hemometers,  a  problem  which 
is  discussed  at  the  end  of  this  paper.  The  optical  properties  of  a 
new  hemoglobinometer  are  described. 

HISTORICAL. 

The  visible  bands  of  oxyhemoglobin  first  described  by  Hoppe-Seyler  (1 ) 
have  received  considerable  attention,  more  particularly  as  regards  their 
position.  Soret  (2)  was  the  first  to  recognize  the  great  ultra-violet  band 
of  oxyhemoglobin,  a  band  which  he  observed  with  a  fluorescing  eyepiece. 
Later  Gamgec  (3)  using  a  quartz  spectrograph  and  the  sun  as  a  source, 
made  a  more  extensive  investigation  of  the  ultra-violet  absorption  spectra. 
He  showed  that  the  great  ultra-violet  band  was  common  to  oxyhemoglobin, 
reduced  hemoglobin,  CO-  and  NO-hemoglobin,  hemochromogen ,  hematin 
hydrochloride,  methemoglobin,  and  hematoporphyrin.  Gamgee  did  not 
find  such  a  band  in  the  spectra  of  bilirubin,  hydrobilirubin,  or  urobilin. 
A  paper  by  Rost,  Franz,  and  Heise  (4)  contains  excellent  plates  of  the 
spectra  of  many  of  the  hemoglobin  derivatives,  together  with  an  extensive 
summary  of  earlier  work.  Lcwin,  Miethe,  and  Stenger  (5)  have  also  pub- 
lished extensive  qualitative  spectrographic  data  of  this  sort. 

Rollett  (6)  gives  a  picture,  only  roughly  correct,  showing  the  change 
in  width  of  the  absorption  bands  of  oxyhemoglobin  with  dilution.    Vier- 
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ordt  (7)  was  the  first  to  study  the  quantitative  absorption  of  these  com- 
pounds throughout  the  visible  spectrum.  His  tables  and  curves  were  made 
on  a  very  early  type  of  spectrophotometer  having  large  instrumental 
errors.  Cherbuliez  (8),  in  1890,  published  certain  spectrophotometric  data 
on  the  hemoglobins  which  he  had  made  with  an  improved  instrument. 
His  absorption  curves  given  for  the  more  central  portions  of  the  visible 
spectrum  are  more  nearly  correct.  The  a-band  of  oxyhemoglobin  is  given 
aa  shallower  than  the  /3-band,  an  error  difficult  to  avoid  because  of  the 
disturbing  effect  of  the  very  high  transmission  to  the  red  side  of  the  a-band. 

Aside  from  these  two  (Icterminations  of  absorption  curves 
there  have  been  many  determinations  of  certain  absorption  con- 
stants and  relations,  in  part  undertaken  with  the  view  of  fixing  a 
sp)ectrophotometric  method  for  the  quantitative  determination  of 
oxyhemoglobin  and  other  hemoglobins. 

If  r  is  the  fraction  of  light  of  a  given  wave-length  transmitted 
by  a  substance,  then  the  equation  T  =  lO"*  defines  a  number  e 
known  as  an  extinction  coefficient.  The  extinction  coeflBcent  is  the 
cologarithm  of  the  transmission.  It  was  first  shown  by  Beer  (9) 
that  for  a  solution  a  simple  absorption  relation  exists  between 

the  concentration,  c,  the  thickness,  /,  and  the  extinction  coefficient, 

ct 
e;  namely,  ~  =  constant.     This  equation  holds  under  a  wide  range 

of  conditions.  For  oxyhemoglobin,  carbon  monoxide  hemo- 
globin, and  acid  hematin  it  would  seem  at  least  to  hold  within  " 
the  range  of  dilution  here  used  (whole  blood  1: 100  to  1:2,000). 
Buttcrfield  (10)  has  shown  that  the  relation  holds  in  the  case  of 
oxyhemoglobin  for  a  range  of  dilution  of  whole  blood  1 : 1  to 
1:160.  Keid  (11)  has  shown  that  oxyhemoglobin  forms  a  true 
solution. 

While  €  is  understood  to  be  the  extinction  coefficient  for  a 
single  wave-length,  practically  it  is  the  mean  e  for  a  sufficiently 
small  spectral  interval,  the  interval  given  by  the  exit  slit  of  the 
spectrophotometer.  The  value  of  the  constant  of  the  equation 
being  determined  at  such  an  interval  for  a  known  concentration, 
c,  this  value  furnishes  a  basis  for  the  calculation  of  any  c  by  the 
instrumental  determination  of  the  e.  By  properly  choosing  the 
spectral  interval  and  using  concentrations  giving  extinction  co- 
efficients within  a  certain  optimal  range,  the  determination  may 
be  made  to  within  1  per  cent.  With  uniformity  in  slit  widths 
such  determinations  are  absolute,  variations  between  different  in- 
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struments  being  only  within  observational  errors  of  the  indi- 
vidual instrument. 

With  the  thickness  of  solution  equal  to  1  cm.  it  has  become 
customary  to  designate  the  constants  by  the  letter  A.  The 
ratio  of  two  such  constants  determined  for  two  separate  spectral 
intervals  is  a  ratio  independent  of  the  concentration  and  a  char- 
acteristic of  the  substance. 


A'  _  c'/e' 


e 


c/e       e' 


The  principal  determination  of  the  values  of  these  constants 
Aq  and  An  for  oxyhemoglobin,  are  as  follows: 

Hufner  (12,  13) 

Aq    —  2.070  (5540  to  5650  Angstrom  units)* 
A'o   =  1.312  (5315  "  5425         "  *'       ) 

44   =  1.578. 

Ao 

^  The  Angstrom  unit  is  one  ten-millionth  of  a  mm.  or  one  ten-thou- 
sandth /A.  The  Fraunhofer  lines  often  referred  to  as  reference  lines  have  the 
wave-lengths  in  Angstrom  units  given  below.  The  values  due  to  Rowland 
are  corrected  on  the  basis  of  the  accepted  values  for  the  primary  standard 
cadmium  line  and  the  secondary  standard  iron  arc  lines  of  Fabry-Buisson 
(see  Fowle,  F.  E.,  Smithsonian  Miscellaneous  C oil. ^  Publication  2269 ^  1918, 
Ixiii,  No.  6) : 
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Cherbuliez  (8) 

i4c    "  2.038  (5530  to  5580  Angstrom  units) 
Ao    -  1.326  (5360  "  5410        "  "      ) 

4^   -  1.537 

M 

De  Saint  Martin  (14)  (polarization  spectrophotometer) 
Ao   =2.153  (5572  to  5683  Angstrom  units) 
Ai    «  1.330  (5380  "  5490        "  "      ) 

4^   -  1.621 
Ao 

Bardachzi  (15)  (polarization  spectrophotometer) 
Ao   »  2.094  (5540  to  5650  Angstr6m  units) 
Ai    =  1.334(5315  "  5425        "  "      ) 

Butterfield  (16)  (polarization  spectrophotometer) 
Ao   =1.87    (5561  to  5646  Angstrdm  units) 
A'o   -  1.18    (5335  "  5420        "  "      ) 

Butterfield  (17) 

ai  =  18.42  (green  mercury  line,  5459  AngstrSra  units) 
at  «  21.00  (yellow      "        lines,  5770  and  5790  Angstrdm  units) 
(a  represents  the  Napierian  cologarithm  of  the  transmission   of  a  1 
per  cent  solution.) 

Butterfield's  figures  for  A  differ  from  those  of  other  reliable  ob- 
servers by  approximately  11  per  cent.  In  determining  the  trans- 
missions by  oxyhemoglobin  of  the  green  mercury  line  or  the  two 
very  adjacent  and  equal  yellow  mercury  lines  many  of  the  tech- 
nical difficulties  connected  with  accurate  spectrophotometric 
measurements  disappear.  Care  no  longer  needs  to  be  exercised 
in  making  wave-length  measurements;  there  is  much  more  lati- 
tude in  the  choice  of  sUt  width  relations  and  various  reflection 
errors  are  removed. 

The  Qi  and  02  given  by  Butterfield  might  be  transformed  to 
correspond  to  the  notation  otherwise  used: 

/I.V'         =  1.2.J 


0 

4W7.  5T9    =     1     000 
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EXPERIMENTAL. 

Apparatus, 

The  apparatus  used  was  a  Hilger  sector  photometer  and  quartz 
spectrograph,  size  C,  giving  a  spectrum  18  cm.  long,  extending 
from  2100  to  7000  Angstrom  units.  The  light  from  a  single  source 
passed  by  means  of  appropriate  quartz  prisms  along  two  sepa- 
rate and  synmietrical  paths,  one  above  the  other,  in  each  of  which 
was  placed  a  so  called  rotating  sector  consisting  of  a  circular  disk 
with  two  synmietrical  open  sectors.  The  openings  of  the  lower 
rotating  sector  were  fixed  in  size  and  each  was  a  quadrant.  The 
openings  in  the  other  could  be  varied  from  90-0°.  To  the  sector 
photometer  was  bolted  the  absorption  cell  so  that  it  could  be  easily 
demounted  for  filling  and  returned  to  exact  alignment.  The 
double  absorption  cell  was  made  from  a  single  piece  of  plate  glass 
by  drilling  it  with  two  holes  slightly  larger  than  the  two  beams  of 
light  and  exactly  centered  on  them.  Through  the  edge  of  the 
glass  plate  entrance  holes  were  drilled  into  the  first  ones.  Win- 
dows of  plane  clear  quartz  were  then  fastened  on  each  face  of  the 
glass  plate  with  DeKhotinsky  cement,  thus  making  two  cells  each 
1  cm.  thick. 

This  construction  gave  a  rigid  alignment  of  the  cells  in  sym- 
metrical position  with  respect  to  the  light  paths.  In  the  upper 
cell  was  placed  distilled  water  and  in  the  lower  the  absorption 
fluid.  The  absorption  of  the  cell  itself  was  thus  corrected  for 
at  first  hand.  Opposite  the  lower  cell  was  the  fixed  opening  sector, 
and  opposite  the  upper  cell  the  variable  sector. 

The  light  coming  along  the  two  paths  fell  in  juxtaposition  on 
the  collimator  slit  of  the  spectrograph  and  passed  parallel  in  two 
beams  to  be  dispersed  into  two  spectra,  one  directly  above  the 
other,  and  so  photographed  on  the  plate.  By  varying  the  open- 
ing of  the  one  sector  the  exposure  of  this  comparison  beam  was 
cut  down  one  step  at  a  time.  Twenty-four  ^uch  simultaneous 
pairs  of  spectra  could  be  taken  on  one  plate.  The  wave-length 
at  which  a  pair  of  spectra  matched  in  density  was  the  wave- 
length having  an  extinction  coefficient  corresponding  to  that  sector 
opening.  In  a  paper  by  Howe  (18),  and  in  one  by  myself  (19), 
it  has  been  quite  conclusively  shown  that  the   extinction  co- 
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efficient  is  the  logarithm  of  the  ratio  of  the  fixed  to  the  variable 
opening. 

The  plates  used  were  the  Wratten  and  Wainwright  panchro- 
matic of  London,  and  of  Eastman  manufacture.  They  were  given 
tank  development  according  to  the  formulas  accompanying  them. 
The  iron  spark,  or  for  the  mid-visible  spectrum  sometimes  the  D 
lines  of  the  sodium  flame  were  always  photographed  on  the  plate 
as  a  comparison  scale  and  used  in  connection  with  a  wave-length 
scale  furnished  for  the  instrmnent  by  Hilger.  The  scale  as  checked 
against  the  spectra  of  several  metals  had  errors  less  than  the  width 
of  the  smallest  interval  in  which  the  two  spectra  could  be  compared. 

The  light  source  for  the  ultra-violet  determinations  was  a  con- 
densed iron  spark,  and  for  the  visible,  a  Nemst  lamp  with  the 
filament  vertical.  At  the  beginning  and  end  of  each  plate  expos- 
ures were  made  with  both  cells  filled  with  water  in  order  to  show 
that  the  two  dispersed  beams  were  of  equal  intensity,  or  to  deter- 
mine the  relative  sector  openings  required  to  give  such  equality. 
After  the  instrument  was  in  adjustment  a  balance,  with  equal 
sector  openings,  could  be  obtained  correct  to  within  an  extinc- 
tion coefficient  of  iJij.  To  compensate  for  this  error  the  sector 
settings  required  for  balanced  beams  were  included  on  each 
plate  and  the  extinction  coefficients  corrected  by  the  addition 
of  this  balance  constant  in  each  case.  The  plates  often  bal- 
ances! to  within  a  fraction  of  to-  For  the  ultra-violet  the  bal- 
ance was  not  determinable  with  as  much  precision,  the  smallest 
observable  correction  being  about  li^j.  In  making  exposures  it 
was  possible  for  one  sector  to  present  its  opening  once  oftener 
than  the  other  sector.  The  sectors  made  120  revolutions  per 
minute.  By  increasing  the  exposures  to  1  minute  or  more, 
sometimes  to  10  minutes,  and  through  repeated  observations, 
this  source  of  error  was  largely  eliminated.  A  slit  opening  of 
0.015  mm.  was  uniformly  used.  This  corresponds  with  an  in- 
terval of  3.5  Angstrom  units  on  the  plate  at  5500  Angstrom  units 
and  of  0.3  Angstrom  units  in  the  far  ultra-violet. 

The  plates  were  read  in  a  dimly  Ughted  room  by  holding  them 
above  an  illuminated  white  background-  and  comparing  the  spec- 
tral pairs  through  a  slit  in  a  card,  this  sUt  being  from  20  to  40 
Angstrom  units  wide  (referred  to  5500  region).  In  the  visible 
region  final  readings  were  usually  made  thi-ough  the  smaller  slit. 
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In  the  ultra-violet  a  larger  slit  was  used  sometimes  which  meas- 
ured in  width  from  5  to  20  Angstrom  units.  The  wave-length 
position  was  read  off  at  the  center  of  the  slit  from  the  wave- 
length scale  held  in  position  on  the  plate  at  the  spectrum  in 
question. 

Solutions. 

The  oxyhemoglobin,  carbon  monoxide  hemoglobin,  and  acid 
hematin  solutions  were  prepared  by  the  dilution  of  human  blood, 
usually  my  own.  The  diluting  fluids  were  0.1  per  cent  sodium 
carbonate,  freshly  prepared,  0.4  per  cent  ammonia  water,  and  0.1 
N  hydrochloric  acid.  For  the  preparation  of  carbon  monoxide 
hemoglobin,  the  solution  in  the  ammonia  flask  was  immediately 
saturated  with  illuminating  gas.  The  blood  was  drawn  with  a 
recalibrated  Record  syringe  from  a  vein,  and  equal  volumes  were 
added  to  each  of  the  fluids  in  the  proportion  1 :  100.  The  esti- 
mation of  hemoglobin  content  of  the  blood  was  then  made  on  the 
material  in  the  hematin  flask  and  further  dilution  to  about  1:200 
made  accordingly.  The  estimation  of  hemoglobin  content  was 
made  on  a  colorimeter  (20)  using  an  artificial  color  match  for 
hematin.  The  error  in  thus  preparing  the  various  solutions  used 
from  time  to  time  so  as  to  be  of  the  same  relative  concentration 
was  not  large.  It  was  eventually  compensated  for.  In  the  case  of 
the  visible  portion  of  the  oxyhemoglobin  absorption  this  was  in 
part  done  by  reducing  each  set  of  data  to  a  uniform  level  through 
correcting  it  to  correspond  to  a  certain  fixed  extinction  coeffi- 
cient at  the  bottom  of  the  a-band.  The  data  for  the  visible  por- 
tion of  the  acid  hematin  absorption  were  all  obtained  in  a  short 
interval  of  time  and  the  errors  as  between  the  different  solutions 
were  small. 

After  the  various  portions  of  the  absorption  curves  were  deter- 
mined they  were  corrected  for  relative  concentrations  and  checked 
at  various  points  by  using  solutions  made  up  from  blood  of  known 
oxygen  capacity.  The  oxygen  capacity  of  fresh  oxalated  human 
blood  was  determined  by  the  method  of  Van  Slyke  (21)  and  simul- 
taneously a  1 :  200  dilution  made  with  the  various  diluting  fluids, 
all  glassware  being  recalibrated.  The  carbon  monoxide  ab- 
sorption curve  was  wholly  determined  from  two  such  solutions. 
It  would  have  been  easier  and  better  to  have  had  such  material 
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for  the  determination  of  the  other  two  curves.  It  was  believed 
that  in  a  complete  redetermination  an  almost  prohibitive  amount 
of  labor  would  have  to  be  expended  before  changes  in  the  curves  as 
already  computed  would  be.  justified.  Certain  corrections  were 
however  made.  The  question  of  absolute  concentration  of  the 
solutions  in  gm.  per  liter  will  be  considered  later. 

Oxyhemoglobin,  when  oxygen  saturation  has  been  reached, 
and  carbon  monoxide  hemoglobin,  when  kept  saturated  with  the 
gas,  form  under  these  circumstances  true  solutions,  which,  when 
kept  cold,  remain  stable  for  at  least  a  week,  and  probably  for  a 
month  or  more. 

The  acid  hematin  as  thus  prepared  acts  for  the  present  purpose 
as  if  it  formed  a  true  solution.  After  several  months  particles 
settle  out  which  thereafter  cannot  be  brought  again  into  stable 
suspension.  This  process  is  accelerated!  if  the  material  is  kept 
at  room  temperature  and  is  most  apparent  in  very  dilute  solutions. 
In  case  the  hematin  mixture  is  somewhat  more  concentrated 
than  ^jf  blood  dilution,  some  particles  settle  out  almost  immedi- 
ately. Under  the  above  conditions  of  preparation  the  hematin 
solution  assumes  in  an  hour  a  spectrophotometric  condition 
which  remains  nearly  constant  for  several  days  and  even  for  sev- 
eral weeks. 

Relation  of  Time  to  Color  Depth  of  Acid  Hematin. 

It  is  known  (22)  that  the  hematin  solution  does  not  assume  its 
full  depth  of  color  immediately.  In  order  to  determine  just  how 
rapidly  it  does  develop  its  full  color  depth  we  made  readings  on 
ten  preparations  of  acid  hematin  from  the  bloods  of  as  many 
individuals.  The  first  set  of  readings  was  made  during  the  3rd 
minute  after  the  preparation  of  the  hematin,  the  second  set  during 
the  15th  minute,  another  during  the  30th  minute,  and  a  last  set 
on  the  following  day.  As  a  result  of  a  long  previous  experience  I 
was  able  to  assume  that  the  solution  had  reached  a  stable  condi- 
tion within  24  hours.  The  most  careful  spectrophotometric  de- 
terminations have  not  shown  any  demonstrable  increase  in  color 
depth  within  the  next  10  days.  All  readings  were  therefore  calcu- 
lated as  percentages  of  these  final  values  and  averaged.  It 
seemed  reasonable  to  assume  that  the  rate  of  formation  of  acid 
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hematin  should  be  a  rectangular  hyperbola  of  the  general  form 
xy  =  —c,  when  x  measures  the  time  in  minutes  and  y  is  the  per 
cent  by  which  the  acid  hematin  falls  short  of  its  full  color  depth. 
Using  the  value  for  y  corresponding  to  30  minutes  for  x,  the  con- 
stant c  of  the  equation  is  determined  as  40.  The  values  of  y 
for  3  minutes  and  15  minutes  fit  the  curve  given  by  the  value 
of  c  very  closely,  justifying  the  assumption  that  the  curve  has 
the  form  of  a  hyperbola.  Hence  the  equation  for  the  color  den- 
sity of  a  newly  prepared  acid  hematin  solution  is  xy  =  —  40, 
where  x  is  the  time  in  minutes  and  y  the  percentage  short  of  full 
color.  A  graph  (Curve  D)  of  this  equation  is  included  among 
the  curves  of  Fig.  2,  the  squares  of  the  figure  being  ten  units 
each. 

The  further  trial  was  made  of  following  a  specimen  through 
from  1  to  40  minutes,  making  readings  continuously  and  averag- 
ing them  by  tens.  The  points  so  obtained  lay  very  closely  on  the 
curve. 

It  will  be  seen  that  in  20  minutes  y  =  —  2  and  in  40  minutes 
y  =  —1.  In  other  words,  the  specimen  then  has  reached  98 
and  99  per  cent  respectively  of  its  full  density.  It  will  also 
be  seen  that  if  the  specimen  is  read  in  2  minutes  the  density  falls 
short  20  per  cent,  or  is  80  per  cent  of  the  final  figure. 

The  equation  not  only  shows  how  rapidly  the  solution  reaches 
its  full  density,  but  what  correction  should  be  added  to  a  reading 
when  it  is  made  early. 

Observations, 

The  ultra-violet  portion  of  the  acid  hemaPtin  curve  was  deter- 
mined from  eight  plates  made  on  the  bloods  of  four  individuals. 
The  sectors  were  set  for  variations  of  tenths  in  extinction  co- 
efficients. The  various  plates  differed  only  slightly  from  each 
other.  The  data  given  are  a  mean  of  those  derived  from  five 
plates  of  my  own  blood. 

For  the  visible  portion  of  the  acid  hematin  curve  seven  plates 
were  made  using  my  own  blood  and  with  such  settings  that  the 
extinction  coefficient  varied  by  hundredths.  Three  of  the  plates 
were  made  on  the  day  the  solutions  were  prepared,  the  others  on 
the  2  following  days.  The  plates  were  all  consistent.  They 
were  read,  their  points  plotted,  and  a  mean  curve  was  drawn 
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through  the  locus.  The  discrepancies  ran  not  over  2  per  cent  on 
either  side  of  this  curve.  The  plates  were  again  read  to  eliminate 
errors  of  judgment  and  the  mean  of  the  new  locus  was  taken  as 
the  true  curve,  the  discrepancies  with  two  or  three  exceptions 
having  become  less  than  1  per  cent. 

Determinations  of  the  ultra-violet  absorption  of  oxyhemoglobin 
were  made  on  the  same  bloods  as  those  used  for  acid  hematin, 
ten  plates  being  made.  They  showed  variations  in  the  r^on 
3200  to  4300  Angstrom  units,  which  were  not  then  understood. 
Some  of  the  solutions  showed  transmissions  in  the  region  3200  to 
3800  Angstrom  units,  which  corresponded  to  extinction  coefficients 
as  much  as  15  per  cent  greater  than  those  given.  The  great 
ultra-violet  band  fell  short  of  its  full  depth  by  similar  amounts. 
It  would  seem  that  these  variations  were  due  to  incomplete 
oxygenation  of  the  hemoglobin. 

Oxygenation  resulting  in  the  dilution  of  venous  blood  would 
require  at  the  most  1  cc.  of  oxygen  per  Uter  of  solution.  At  room 
temperature,  water  contains  about  6  cc.  of  dissolved  oxygen,  and 
the  oxyhemoglobin  solution  made  therefrom  would  soon  come 
into  equiUbrium  with  the  atmosphere.  In  recently  distilled 
water,  equiUbrium  would  be  less  readily  established.  It  is  prob- 
able that  in  the  discrepancies  observed  solutions  using  freshly 
distilled  water  were  not  sufficiently  shaken.  The  effect  of  blood 
plasma  present  in  the  proportion  of  about  1 :  200  will  be  discussed 
later. 

The  ultra-violet  portion  of  the  oxyhemoglobin  curve  as  ob- 
tained from  certain  apparently  satisfactory  plates  was  further 
checked  on  plates  iftade  from  thoroughly  oxygenated  blood  of 
known  oxygen  capacity.  The  form  and  depth  of  the  curve  at  the 
great  ultra-violet  band  centering  on  4140  Angstrom  units  was 
determined  on  solutions  J  and  iV  as  dense  as  those  otherwise  used. 
Here  the  curve  was  likewise  carefully  checked  and  discrepancies 
were  small  when  the  oxygen  saturation  was  to  be  considered  as 
satisfactory. 

The  visible  portion  of  the  oxyhemoglobin  curve  was  at  first 
determined  from  fourteen  plates  with  my  own  blood.  Except 
for  short  portions  of  the  steep  slopes  of  the  curve  the  settings 
for  extinction  coefficients  varied  by  hundredths.  The  plates 
having  been  correlated  on  the  basis  of  the  readings  for  the  ex- 
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tinction  coefficients  at  the  maj^ma  and  minima  points  of  the  curve, 
all  the  plates  were  then  read  and  their  points  plotted,  the  whole 
was  rechecked  for  errors  in  judgment,  and  a  curve  was  drawn 
through  the  locus.  The  discrepancies  were  somewhat  less  than 
those  obtained  in  the  visible  portion  of  the  acid  hematin  curve. 
The  small  extinction  coefficients  for  the  high  transmission  in  the 
red  were  determined  from  the  data  of  six  plates,  and  the  results 
checked  by  making  readings  with  double  the  concentration. 

The  critical  points  of  the  curves  for  oxyhemoglobin  and  acid 
hematin,  both  in  the  ultra-violet  and  in  the  visible,  were  now 
checked  on  solutions  of  known  oxygen  capacity.  About  twenty 
plates  in  all  were  made  for  this  purpose.  They  served  at  the  same 
time  to  give  data  for  the  determination  of  the  absolute  concentra- 
tion of  the  solutions  to  which  the  curves  corresponded. 

Incomplete  data  for  the  visible  portion  of  the  oxyhemoglobin 
curve  had  previously  been  obtained  on  a  spectrophotometer  at 
the  physical  laboratory  of  the  United  Gas  Improvement  Com- 
pany. This  was  a  Hilger  quartz  monochromatic  illuminator 
coupled  with  a  potassium  photoelectric  cell  and  galvanometer. 
A  set  of  readings  obtained  with  this  apparatus  for  the  region  4300 
to  6000  Angstrom  units  is  consistent  with  that  obtained  by  the 
phonographic  method  except  that  the  transmissions  at  the  a-  and 
/3-bands,  particularly  the  former,  are  not  so  low  as  they  should 
have  been.  The  dispersion  of  the  instrument  was  too  small  for 
the  purpose,  and  the  slit  width  of  0.075  mm.  used  was  too  large. 
The  blue  and  violet  portion  of  the  curve  is,  hojvever,  very  closely 
checked  and,  as  could  be  expected,  the  height  of  the  a-/3-peak 
was  correctly  observed. 

I  had  originally  made  a  determination  of  the  absorption  curves 
of  oxyhemoglobin  and  acid  hematin  on  a  visual  polarization 
spectrophotometer  at  the  physical  laboratory  of  the  Corning 
Glass  Works.  These  data  were  incorrect,  the  discrepancy  being 
accounted  for  on  the  supposition  of  an  error  in  the  zero  adjust- 
ment of  the  instrument.  In  order  to  check  this  point  Dr.  J.  T. 
Littleton,  Jr.,  of  that  laboratory,  has  made  two  redeterminations 
of  the  oxyhemoglobin  curve  on  iced  material  which  I  sent  him. 
His  observations  are  consistent  with  my  data  as  they  now  stand. 

The  absorption  curve  for  carbon  monoxide  hemoglobin  was 
obtained  from  the  data  of  about  ten  plates  made  on  two  solutions 
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of  known  oxygen  capacity.  Only  the  Nernst  lamp  was  used  as  a 
source  and  the  ultra-violet  absorption  determined  out  to  a  little 
beyond  3100  Angstrom  units.  The  depth  of  the  great  ultra-violet 
band  was  determined  on  solutions  iV  as  dense  as  those  otherwise 
used.  It  was  noticed  here  too  that  there  were  variations  in  the 
depth  of  this  band,  amounting  in  a  week  to  a  20  per  cent  decrease 
in  extinction  coeflScients  for  an  iced  specimen  which  had  been 
opened  several  times.  The  band  was  brought  back  to  its  original 
depth  by  again  passing  illuminating .  gas  through  the  solution. 
The  height  of  the  peak  at  3760  Angstrom  units  decreased  like- 
wise very  considerably  and  was  as  easily  restored.  Changes  in 
the  visible  absorption  were  small  if  present.  The  data  are  de- 
rived from  freshly  gassed  solutions. 

Concentration  of  the  Solutions. 

The  concentration  of  the  solutions  here  used  may  be  calculated 
from  the  absorption  constants  as  determined  by  Hiifner,  Cherbu- 
liez,  de  Saint  Martin,  Bardachzi,  and  Butterfield.  To  do  this  I 
calculate  from  my  curve  a  mean  e  for  the  spectrum  interval  as 
used  by  the  author  in  question.  The  product  of  this  mean  e 
and  the  author's  constant  gives  a  figure  for  the  density  of  my  solu- 
tion. It  happens  that  the  mean  e  is  very  nearly  equal  to  the  e 
corresponding  to  the  average  transmission  for  the  interval.  The 
data  are  given  in  Table  I. 

If  we  disregard.  Butterfield's  figures,  the  concentration  would 
seem  to  be  about  0.85  gm.  per  liter.  As  will  be  seen,  however, 
Butterfield's  figures  are  the  correct  ones.  There  is  another  very 
direct  way  of  arriving  at  the  concentration  of  the  solutions  used, 
through  the  determination  of  the  oxygen  capacity  of  the  blood 
used. 

Barcroft  (23)  shows  that  oxygen  combines  with  hemoglobin  in 
the  ratio  of  one  molecule  of  oxygon  to  one  atom  of  iron,  and 
further  that  there  is  one  atom  of  iron  in  the  hemoglobin  molecule. 
If  we  accept  this  proposition,  there  remains  only  the  question  as 
to  what  is  the  percentage  of  iron  in  the  hemoglobin  molecule; 
what  is  the  molecular  weight  of  hemoglobin?  There  is  very  little 
discrepancy  in  the  figures  given  by  different  authors  for  the  iron 
content  of  hemoglobin.     The  accepted  figure  is  about  0.335  per 
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cent  (24).  On  the  basis  of  this  figure  the  oxygen  capacity  is  1.34 
cc.  per  gm.  of  hembglobin.  This  figure  for  oxygen  capacity  is 
subject  to  one  correction.     It  is  a  maximum  figure.     Barcroft 

TABLE  I. 

Concentration  Data  for  My  Oxyhemoglobin  Solutions  Based  on  Regions  and 

Constants  of  Varioiis  Authors. 


Author. 


Hiifner. 


Cherbuliez, 

u 


de  Saint  Martin 

i(  u 


tt 


Bardachzi. 


a 


Butterfield 


« 


»( 


Region. 

CoDBtant. 

oriS 

2.070 

• 

1.312 

oris 

2.038 

/3 

1.326 

a-fi 

2.153 

/3 

1.330 

ct-fi 

2.094 

/8 

1.334 

«-/3 

1.87 

fi- 

1.18 

5460 

1.25 

/5770 
1^5790 

1.096 

Meane. 


0.411 
0.633 

0.418 
0.659 

0.419 
0.651 

0.411 
0.633 

0.409 
0.646 

0.61 
0.688 


Ratio. 


(23)  has  shown  that  the  dissociation  curve  of  hemoglobin  (the 
oxygen  saturation  curve)  has  the  formula 


y 


Kx'' 


100      14-A'j" 


where  y  is  the  percentage  saturation  of  the  heniogiohin  with 
oxygen,  x  the  oxygen  pressure  in  nmi.  of  mercury,  n  a  number 
2.5,  and  K  a  constant  which  varies  slightly  with  normal  indi- 
viduals, averaging  about  0.0003. 

In  measuring  oxygen  capacity  the  blood  was  saturated  by  spread- 
ing it  thinly  over  the  inner  surface  of  an  open,  slowly  rotating, 
conical,  separatory  funnel.  The  funnel  was  so  rotated  for  about 
10  minutes  before  pipetting  off  the  specimen  to  be  examined. 
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At  atmospheric  pressure  the  oxj'^gen  pressure  is  about  180  mm. 
of  mercury.  Substituting  this  figure  for  x  in  the  formula,  y  be- 
comes 99.2  per  cent.  The  figure  for  the  cc.  of  ox>'gen  in  1  gm. 
of  hemoglobin  under  the  above  conditions  is  therefore 

99  2 

—^  X  1.34  cc.  =  1.33  cc. 

Accordingly  a  1 :  201  dilution  was  made  in  the  various  -solvents 
from  blood  whose  oxygen  capacity  was  being  determined.     The 

concentration  of  the  solution  thus  produced  when  expressed  in 

10 
gm.  of  oxyhemoglobin  per  liter  was  equal  to  ^^  ^     times  the 

figure  for*  the  oxygen  capacity  of  100  cc.  of  the  whole  blood. 
Elxtinction  coefficients  derived  from  such  solutions  of  known  con- 
centration were  used  to  ascertain  the  concentration  of  the  solutions 
for  which  the  original  absorption  curves  had  been  determined. 
This  was  accomplished  by  making  use  of  the  fact  that  the  ratio  of 
corresponding  extinction  coefficients  of  any  two  solutions  of  a 
substance  is  equal  to  the  ratio  of  their  concentrations.  If  the 
extinction  coefficients  are  known  in  each  case,  the  concentration 
of  one  solution  can  be  deduced  from  that  of  the  other. 

Eight  plates  were  made  from  four  oxyhemoglobin  solutions  of 
known  concentration.  The  extinction  coefficients  at  the  bottoms 
of  the  a-  and  /3-bands  as  computed  from  these  plates  were  com- 
pared with  the  figures  0.713  and  0.67  obtained  for  the  correspond- 
ing extinction  coefficients  of  the  oxyhemoglobin  curve.  The  con- 
centration of  this  original  oxyhemoglobin  solution  as  thus  com- 
puted at  the  a-  and  /3-bands  was  respectively  0.758  and  0.759 
gm.  per  liter.  The  height  of  the  peak  between  these  two  bands 
as  had  been  computed  for  Tabic  III  was  then  slightly  changed 
(from  0.408  to  0.406)  so  as  to  correspond  to  a  concentration  of 
0.7585  gm.  per  liter  when  similarly  referred  to  the  average  read- 
ings of  these  eight  plates. 

If  we  give  these  two  figures  for  concentration  as  derived  at  the 
bands  an  equal  weight  with  the  concentration  figures  of  Table  I 
due  to  Butterfield,  wc  obtain  an  average  of  0.75975  or  0.76  as  the 
gm.  per  liter  of  oxyhemoglobin  in  the  solution  to  which  the  curve 
corresponds. 
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In  the  case  of  acid  hematin  the  extinction  coefficient  of  these 
known  solutions  at  the  nearly  level  interval  5500  to  5580  Ang- 
strom units  was  determined  as  the  average  t)f  about  a  dozen  con- 
sistent readings  to  be  0.5185  when  computed  for  a  0.76  gm.  solu- 
tion. The  extinction  coefficients  for  the  visible  absorption  of  acid 
hematin  were  then  all  multiplied  by  such  a  factor  as  to  bring  the 
average  extinction  coefficient  in  the  region  5500  to  5580  Angstrom 
units  to  0.5185. 

The  values  of  the  extinction  coefficients  at  the  tops  of  the 
peaks  at  3100  Angstrom  units  were  in  the  case  of  both  curves, 
oxyhemoglobin  and  acid  hematin,  such  as  to  correspond  to  a  0.76 
gm.  solution.  The  ultra-violet  portion  of  these  two  curves  was 
therefore  not  corrected  further  for  density.  The  mid-ultra-violet 
portion  of  the  oxyhemoglobin  curve  was  corrected  for  oxygen 
saturation.  The  extinction  coefficients  as  determined  from  the 
carbon  monoxide  hemoglobin  plates,  being  determined  from  solu- 
tions of  known  oxygen  capacity,  were  simply  reduced  by  8.5  per 
cent  so  as  to  correspond  to  a  0.76  gm.  solution. 

The  intervals  chosen  by  the  various  authors  for  the  determina- 
tion of  the  spectrophotometric  constants  are  too  wide.  New  in- 
tervals having  a  width  of  40  Angstrom  units  might  be  chosen 
so  as  to  be  centrally  located.  On  the  basis  of  the  data  heji'ein 
contained  such  a  set  of  constants  for  oxyhemoglobin  would  be  as 
follows : 

Oxyhemoglobin . 

Ao    =1.87      (5580  to  5620  Angstrdm  units) 
A'^    =1.14      (5390  "  5430  "  "      ) 

/l^'  =  1.068    (5740  "  5780  «  «      ) 

Carbon  Monoxide  Hemoglobin. 

Ac   =  1.343  (5540  to  5580  Angstrom  units) 
A',    =1.128  (5360  "  5400         "  "      ) 

.4;'  =  1.128  (5680  "  5720         "  "      ) 

Acid  Hematin. 
Ah   =  1.465  (5500  to  5580  Angstrom  units) 

Tables  II,  III,  and  IV  give  the  absorption  data  for  acid  hematin, 
oxyhemoglobin,   and   carbon  monoxide   hemoglobin   in   an  esti- 
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mated  density  corresponding  to  0.76  gm.  to  the  liter  of  oxyhemo- 
globin and  in  a  layer  1  cm.  thick. 

In  Fig.  1  which  gives  the  data  of  Tables  II  to  IV,  extinction 
coefficients  are  converted  into  transmissions,  the  extinction 
coefficients  being  the  cologarithms  to  the  base  10  of  the 
transmissions. 

TABLE  n. 

Extinction  Coefficients  for  Acid  Hematin  Corresponding  to  0.76  Gm,  of  Oxy- 
hemoglobin per  Liter. 


Wave- 
length. 

Extinction 
coefficient. 

Wave- 
length 

Extinction 
coefficient. 

Wave- 
length. 

Extiaction 
coefficient. 

Wave- 
length. 

Extinction 
coefficient. 

A.  u. 

A.  u. 

A.  u. 

A.  u. 

2410 

2.06 

3340 

1.4 

4950 

0.655 

5800 

0.349 

2440 

1.8 

3400 

1.67 

5000 

0.625 

5840 

0.315 

2460 

1.7 

3460 

1.74 

5040 

0.61 

5865 

0.3 

2480 

1.65 

3500 

1.85 

5070 

0.6 

5905 

0.28 

2540 

1.59 

3540 

1.93 

5140 

0.59 

5960 

0.26 

2600 

1.64 

3600 

2.0 

5200 

0.588 

6030 

0.24 

2645 

1.7 

3680 

2.05 

5260 

0.587 

6080 

0  23 

2670 

1.74 

3760 

2.06 

5300 

0.583 

6140 

0.222 

2720 

1.8 

3900 

2.0 

5320 

0.58 

6200 

0.215 

2780 

1.81 

4000 

1.94 

5360 

0.567 

6260 

0.2125 

2830 

1.74 

4065 

1.9 

5400 

0.548 

6300 

0.214 

2860 

1.64 

4100 

1.88 

5420 

0.54 

6340 

0.22 

2870 

1.6 

4200 

1.81 

5450 

0.53 

6400 

0.24 

2890 

1.5 

4300    ' 

1.73 

5480 

0.522 

6460 

0.265 

2010 

1.4 

4300 

1.63 

5500 

0.52 

a520 

0.29 

2030 

1.3 

4440 

1.56 

5550 

0.5185 

6560 

0.3 

2060 

1.10 

4500 

1.45 

5580 

0.516 

6620 

0.305 

3000 

1.07 

4560 

1.32 

5600 

0.5125 

6660 

0.3 

•30,50 

0.98 

4600 

1.23 

5640 

0.5025 

6700 

0.285 

3100 

0.96 

46.50 

1.125 

5660 

0.494 

6730 

0.265 

3170 

0.90 

4710 

1.0 

5680 

0.48 

6760 

0.24 

3210 

1.07 

4760 

0.01 

5700 

0.459 

6800 

0.205 

3230 

1.12 

4800 

0.84 

5720 

0.43 

6850 

0.17 

3260 

1.10 

4S60 

0.75 

5740 

0.400 

6900 

0.14 

3300 

1.3 

4000 

0.7 

5770 

0.375 

7000 

0.11 
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TABLE  III. 
Extinction  Coefficients  for  Oxyhemoglobin y  0.76  Gm.  per  Liter. 


Wave- 
length. 

Extinction 
coefficient 

Wave- 
length. 

Extinction 
coefficient. 

Wave- 
length. 

Extinction 
coefficient. 

Wove- 
length. 

Extinction 
coefficient. 

A.  u. 

A.  u. 

A.  u. 

A.  u. 

2450 

2.06 

3780 

1.25 

4750 

0.37 

5680 

0.465 

2460 

2.0 

3800 

1.33 

4800 

a.  335 

5690 

0.5 

2480 

1.9 

3830 

1.5 

4840 

0.31 

5700 

0.545 

2520 

1.81 

3860 

1.75 

4920 

0.27 

5710 

0.6 

2,590 

1.77 

3890 

2.05 

4960- 

0.255 

5720 

0.655 

2660 

1.81 

3960 

3.0 

5070 

0.233 

5730 

0.695 

2760 

1.87 

4000 

3.7 

5120 

0.24 

5740 

0.708 

2S30 

1.81 

4040 

4.5 

5160 

0.26 

5760 

0.713 

2870 

1.7 

4080' 

5.4 

5200 

0.295 

5770 

0.712 

2895 

1.6 

4140 

5.7 

5240 

0.365 

5780 

0.705 

2910 

1.52 

4200 

5.3 

5270 

0.44 

5790 

0.665 

2930 

1.4 

4220 

4.6 

5280 

0.462 

5800 

0.595 

2950 

1.3 

4240 

4.0 

5300 

0.51 

5810 

0.515 

2970 

1.2 

'  4260 

3.4 

5320 

0.553 

5820 

0.465 

2985 

1.1 

4280 

2.9 

5330 

0.58 

5830 

0.4 

3010 

1.0 

4300 

2.5 

5340 

0.6 

5840 

0.36 

30r)0 

0.9 

4330 

2.0 

5300 

0.638 

5860 

0.265 

3100 

0.882 

4350 

1.75 

5380 

0.66 

5880 

0.195 

:il40 

0.898 

4370 

1.5 

5400 

0.668 

5900 

0.14 

3200 

0.98 

4400 

1.25 

5415 

0.67 

5950 

0.087 

3230 

1.04 

4420 

1.1 

5430 

0.667 

5960 

0.08 

3270 

1.12 

4435 

1.0 

5440 

0.66 

5980 

0.07 

3330 

1.21 

4450 

0.9 

5460 

0.61 

6055 

0.05 

3400 

1.254 

4475 

0.8 

5470 

0.58 

6140 

0.04 

3460 

1 .  262 

4510 

0.7 

5480 

0.5,') 

6-200 

0.0355 

35*20 

1.213 

4540 

0.63 

5500 

0.495 

6300 

0.0325 

3580 

1 .  155 

4570 

0.57 

5520 

0.45 

6400 

0.03 

3600 

1.112 

4600 

0.52 

5550 

0.42 

6;")00 

0.0295 

3680 

1.065 

4(>50 

0.40 

5()00 

0.406 

6600 

0.0285 

3740 

1 .  125 

4aso 

0.43 

5650 

0.42 

6700 

0.0275 

3760 

1 .  175 

4710 

0.4 

5670 

0.44.5 

osoo 

0.0268 
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TABLE  IV. 


Extinction  Coifficients  for  Carbon  Monoxide  Hemoglobin,  0.76  Gm.  per  Liter. 


Wave- 
length. 

Extinction 
coefficient. 

Wave- 

length. 

• 

Extinction 
coeflicient. 

Wave- 
length. 

Extinction 
coefficient. 

Wave- 
length. 

Extinction 
coefficient. 

A.u. 

A.u. 

A.  u. 

.4.  u. 

3000 

0.81 

4080 

4.15 

4720 

0.347 

5660 

0.658 

3040 

0.73 

4100 

4.9 

4760 

0.33 

5680 

0.671 

3100 

0.7 

4120 

6.0 

4800 

0.316 

5700 

0.675 

3100 

0.745 

4130 

6.7 

4880 

0.299 

57'20 

0.671 

3200 
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DISCOSSION. 


Acid  hematin  is  known  to  have  diffefeot  spectral  characteris- 
tics under  varj'ing  conditions  as  to  acid  and  solvent  (4,  5).  The 
curve  for  material  prepared  in  the  manner  described  is  constant 
and  stable,  for  several  days  at  least.  The  curve  agrees  essentially 
with  the  spectrogram  by  Rost,  Franz,  and  Heise  (4)  of  acid  hema- 
tin prepared  in  a  similar  manner  and  with  1  per  cent  HCl.  The 
prominent  band  in'  the  red  has  its  deepest  point  at  about  6620 
Angstrom  units.  The  difficulty  experienced  by  many  (4)  in  dis- 
tinguishing photographically  the  other  two  bands  in  the  visible 
is  readily  understood.  They  are  very  shallow.  There  is  a  broad' 
general  depression  extending  from  5100  to  5900  Angstrom  units 
which  is  divided  by  a,  very  slight  rise  at  5480  Angstrom  units. 
In  the  curve  this  shows  up  very  distinctly  but  in  a  single  spectro- 
gram it  is  discernible  only  with  difficulty,  if  at  all.  It  first  be- 
comes apparent  when  quantitative  absorption  measurements  are 
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made.    This  rise  appeared  both  by  the  photographic  method  and 
with  the  visual  spectrophotometer  at  Coming. 

The  great  ultra-violet  band  of  acid  hematin  is  broader  and 
shallower  than  in  the  case  of  oxyhemoglobin,  the  broadening 
extending  it  further  into  the  ultra-violet  and  obliterating  the 
small  peak  at  3680  Angstrom  units  which  appears  in  the  oxyhemo- 
globin curve.  There  is  beyond  the  peak  at  3100  Angstrom  units 
a  shallow  but  distinct  band  with  its  center  at  2780  Angstrom 
units.  Beyond  2400  Angstrom  units  the  absorption  becomes  very 
great,  more  rapidly  so  than  in  the  case  of  oxyhemoglobin.  The 
further  side  of  this  band  does  not  appear  within  the  range  of  the 
instrument  (2050  Angstrom  units). 

The  jS-band  of  oxyhemoglobin  is  seen  to  be  fainter  than  the 
a-band,  the  difference  in  depth  being,  however,  slight.  As  viewed 
in  the  ordinary  spectroscope  there  is  a  subjective  difference  greater 
than  the  real  difference.  The  great  ultra-violet  band  is  much 
deeper,  the  ratio  of  the  extinction  coefficients  being  about  eight. 
This  meians  that  the  ultra-violet  band  can  be  recognized  in  eight 
times  as  dilute  a  solution  as  can  the  visible  bands.  A  quartz 
•spectrograph  is  almost  necessary. 

Oxyhemoglobin  has  two  further  bands  in  the  ultra-violet,  at 
3460  and  at  2760  Angstrom  units  separated  by  a  peak  at  3100 
Angstrom  units  somewhat  higher  than  the  corresponding  one  of 
acid  hematin.  The  similarity  in  the  ultra-violet  of  the  absorption 
of  the  two  substances  would  seem  to  indicate  that  it  is  due  in 
large  part  to  a  radical  common  to  both.  In  fact,  this  similarity 
persists,  to  a  less  extent,  in  the  visible. 

Carbon  monoxide  hemoglobin  has  an  absorption  similar  to  that 
of  oxyhemoglobin.  The  differences  are  interesting;  in  the  vis- 
ible there  is  a  reduction  in  the  amplitude  of  the  curve,  the  bands 
are  not  so  sharp,  and  the  transmission  is  not  so  great,  particularly 
at  the  peak  between  the  a-  and  /3-bands.  It  is  the  lowness  of 
this  peak  which  principally  accounts  for  the  difference  in  shade 
between  solutions  of  the  two  compounds.  The  visible  bands  of 
carbon  monoxide  hemoglobin  are  approximately  of  the  same  depth 
as  the  jS-band  of  oxyhemoglobin;  they  are  shifted  with  respect 
to  those  of  oxyhemoglobin  toward  the  violet;  the  great  ultra- 
violet band  is  much  deepened  and  shifted  in  the  contrary  direc- 
tion.    In  the  ultra-violet,  the  two  peaks  are  higher  than  in  the 
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case  of  oxyhemoglobin.  The  height  of  the  peak  at  3760  Angstrom 
units  and  the  depth  of  the  band  at  4190  Angstrom  units  decreases 
very  markedly  with  loss  of  carbon  monoxide  from  the  solution, 
a  change  which  also  holds  for  oxyhemoglobin. 

According  to  Lewis  (25)  beyond  3100  Angstrom  units  serum 
shows  a  rapidly  increasing  amount  of  absorption  which  reaches  a 
maximum  at  about  2800  Angstrom  units,  the  next  minimum  being 
at  2540  Angstrom  units.  The  forms  of  the  acid  hematin  and 
oxyhemoglobin  curves  in  this  region  are  probably  due  to  the  serum 
present  in  an  approximate  dilution  of  1 :  200.  In  particular  the 
peak  at  2540  Angstrom  units  would  seem  to  be  due  to  this.  The 
amount  of  the  extinction  due  to  the  admixed  serum  is  only  from 
one-fourth  to  one-seventh  of  the  whole. 

A  1  cm.  layer  of  undiluted  blood  serum  has  an  absorption  which 
in  the  red  part  of  the  spectrum  amounts  to  an  extinction  coefficient 
of  about  0.2.  This  extinction  increases  uniformly  across  the  vis- 
ible spectnmi  to  reach  a  value  of  about  0.7  in  the  blue.  From  the 
ultra-violet  border  out  to  3200  Angstrom  units  the  extinction 
coefficient  of  serum  is  approximately  1.  It  varies  probably  with 
the  food  taken.     I  have  observed  the  extremes  of  0.8  and  1.7. 

In  a  dilution  of  1:200,  therefore,  serum  has  an  extinction 
varying  from  0.001'  to  0.004  in  the  visible  spectrum,  being  only 
0.0015  at  its  middle  point.  These  figures  added  to,  or  subtracted 
from  the  extinction  coefficients  of  the  hemoglobins  do  not  change 
them  appreciably.  The  presehce  of  the  plasma  can  therefore  be 
neglected  in  discussing  the  visible  absorption  of  these  compounds. 

The  oxyhemoglobin  curve  as  given  is  approximately  that  due 
to  a  layer  of  whole  blood  0.05  mm.  thick.  Such  a  layer  is  equiva- 
lent to  a  layer  of  red  blood  cells  in  heterogeneous  position  nine 
thick,  or  in  rouleau,  fifteen  thick. 

The  blood  in  the  superficial  capillaries  of  the  skin  would  there- 
fore be  sufficient  in  quantity  to  absorb  almost  completely  all  the 
violet  and  ultra-violet'  light  which  might  fall  upon  it.  This  ab- 
sorption is  particularly  intense  in  the  neighborhood  of  4200 
Angstrom  units. 

Hemotometry. 

The  banding  in  the  visible  of  solutions  of  these  three  com- 
pounds makes  it  extremely  difficult  to  secure  artificial  color 
matches  for  them.     It  would  be  desirable  to  find  an  artificial 
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material  whose  absorption  curve  coincided  throughout  with  that  of 
one  of  them.  Under  such  circumstances  the  match  would  appear 
perfect  in  any  light  and  to  any  eye.  As  the  absorption  curve  of 
the  material  to  be  used  as  a  match  deviates  more  and  more  from 
that  of  the  blood  preparation,  factors  are  introduced  which  make 
it  exceedingly  difficult  to  predict  from  the  curves  the  character 
which  the  match  will  assume. 

That  a  match  then  exists  at  all  is  due  to  physiological  condi- 
tions, to  the  fact  that  the  sum  of  two  colors  gives  to  the  eye  an 
impression  of  a  third,  a  mixed  color. 

Thus  a  piece  of  glass  transmitting  only  green  and  orange 
light  would  in  daylight  appear  to  have  the  same  color  as  a  piece 
of  glass  transmitting  yellow  light.  But  if  pure  spectral  green 
light  were  used  as  an  illuminant,  the  one  glass  would  appear  green, 
the  other  would  be  opaque.  The  two  substances  may  thus  appear 
to  have  the  same  color  without  their  absorption  curves  being  at 
all  alike.  If  their  absorption  curves  are  alike,  or  nearly  so, 
they  will  appear  to  have  the  same  color  under  widely  varying  con- 
ditions, both  as  to  observer  and  illumination.  It  is  thus  essential 
in  order  that  a  color  match  be  satisfactory  under  varying  condi- 
tions that  the  absorption  curves  of  the  two  substances  composing 
the  match  be  as  near  alike  as  possible. 

The  similarity  must  be  greatest  in  the  region  of  maximum  lu- 
minosity, a  region  whose  middle  point  in  the  case  of  ordinary 
white  light  is  5560  Angstrom  unitfe  (26).  Toward  the  two  ends 
of  the  visible  spectrum  the  luminosity  is  so  small  that  discrep- 
ancies here  do  not  materially  affect  the  impression  on  the  eye. 

The  Miescher  hemoglobinometer  uses  as  a  match  for  oxy- 
hemoglobin a  gold  ruby  glass.  This  glass  has  a  broad  absorption 
band  with  its  center  at  5200  Angstrom  units,  which  in  general 
balances  the  two  absorption  bands  of  oxyhemoglobin.  The  trans- 
mission of  this  glass  in  thickness  corresponding  to  the  oxyhemo- 
globin solution  of  0.76  gm.  to  the  liter  is  given  in  the  upper  part 
of  Fig.  2,  Curve  A.  Its  absorption  only  roughly  approximates 
that  of  oxyhemoglobin.  That  a  match  exists  at  all  is,  so  to  speak, 
accidental,  and  then  only  under  fixed  conditions  of  illumination. 

The  upper  portion  of  Fig.  2  contains  two  other  curves,  B  and  C, 
obtained  by  multiplying  the  transmission  curves  of  the  Miescher 
glass  and  of  oxyhemoglobin  respectively  by  the  visibility  curve 
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for  the  Hefner  lamp,  whose  Imnmoaity  values  are  very  similar 
to  that  of  the  candle.  These  two  modified  curves  might  be 
called  the  physiological  transmissions  of  the  two  materials. 
They  represent  the  actual  appearance  to  the  eye  of  each  of  the  two 
materials  when  illuminated  by  the  candle.  The  transmissions 
of  the  glass  and  of  the  oxyhemoglobin  at  each  point  of  the  spec- 
trum are  decreased  at  each  point  to  correspond  to  the  actual 
impression  which  the  transmitted  light  produces  on  the  eye. 


Fig.  2.  Curve  D  is  a  plot  of  the  equation  x^  =  —  40,  the  abscissx 
representing  time  in  minutea  and  the  ordinatcs  the  percentage  abort  of 
full  color  of  an  acid  hematin  solution,  the  squares  being  each  10  units.  For 
the  other  curves  the  ordinatcs  represent  transmissions  in  tenths  and  the 
absctBBiB  wave-lengths  in  AngstrSm  units,  A  is  the  Mieschor  glass  in  a 
thickness  corresponding  to  the  oxyhemoglobin  of  Fig.  1.  B  is  the  same 
multiplied  by  the  visibility  of  the  Hefner  lamp.  C  is  the  oxyhemoglobin 
curve  multiplied  in  the  name  manner.  E  is  the  transmission  of  1  mm.  of 
high  transmission  yellow  colorimeter  glass.  F  is  the  same  multiplied 
by  the  visibility  of  white  light.  G  is  a  corresponding  acid  hematin  trans- 
mission so  multiplied.  It  is  assumed  that  there  is  a  sufficient  intensity  of 
illumination  to  make  applicable  the  visibility  values  used. 
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The  amount  of  agreement  or  disagreement  between  these  two 
physiological  transmission  cmres  gives  an  interpretation  of  the 
quality  of  the  match.  The  area  under  each  curve  represents  the 
quantity  of  light  which  each  material  appears  to  transmit.  The 
two' areas  are  equal,  the  light  fields  being  presumed  to  balance. 

There  does  not  seem  to  be  any  way  to  improve  on  this  match 
for  oxyhemoglobin.  There  is  no  red  glass  that  falls  to  zero  trans- 
mission near  5800  Angstr6m  units.  They  all  come  down  to  zero 
much  further  in  the  red,  presenting  a  distinctly  different  hue. 
It  is  possible  by  using  an  illuminant  that  is  entirely  red  to  con- 
fine the  problem  to  the  level  portion  of  the  high  transmission  red 
part  of  the  oxyhemoglobin  curve.  Then  the  shades  match 
exactly,  but  the  transmission  of  the  oxyhemoglobin  is  there  so 
high  and  the  sensitivity  of  the  eye  in  the  middle  and  far  red  so 
low  that  it  is  impossible  to  distinguish  any  but  gross  differences 
in  color.  The  same  situation  exists  in  the  case  of  carbon  mon- 
oxide hemoglobin,  except  that  its  relatively  low  peak  between  the 
two  visible  bands  makes  it  possible  to  seek  a  glass  whose  single 
band  will  coincide  with  the  position  of  this  peak.  Unfortunately 
glasses  having  high  transmissions  in  the  blue  and  red  have  their 
central  bands  too  far  over  in  the  green.  In  the  case  of  acid 
hematin  the  situation  is  better. 

I  have  examined  at  the  laboratory  of  the  Corning  Glass  Works  a 
collection  of  about  1,000  colored  glasses,  representing  the  possi- 
bility of  a  million  pairs.  There  is  no  glass  or  combination  of 
glasses  giving  an  absorption  whose  curve  runs  closely  parallel 
to  that  of  acid  hematin.  The  **high  transmission  yellow"  sema- 
phore glass  made  by  the  Corning  Glass  Works,  however,  has  an 
absorption  curve  which  runs  smoothly  as  a  mean  through  the  acid 
hematin  curve.  It  has  not  been  possible  to  combine  this  with 
any  other  glass  so  as  to  produce  a  combination  having  a  curve  more 
closely  approximating  that  of  the  acid  hematin  than  does  the 
yellow  glass  alone. 

This  glass  matches  acid  hematin  best  when  to  its  specific 
absorption  is  added  the  flat  absorption  due  to  reflection  losses  at 
its  surface.  In  colorimetrie  comparison,  therefore,  the  yellow 
glass  is  not  to  be  balanced  l)y  a  corresponding  piece  of  clear 
glass,  but  is  to  be  used  alone  on  one  side  of  the  color  balance. 
The  hematin  solution  is,  however,  to  be  balanced  for  reflection 
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losses  at  its  surface  by  clear  water  on  the  colored  glass  side  of  the 
balance. 

This  glass  in  thickness  of  about  1  mm.  is  a  very  close  match  for 
acid  hematin'and  the  discrepancy  between  its  curve  and  that  of 
the  acid  hematin  is  sufficiently  small  so  that  the  match  does  not 
perceptibly  vary  with  individuals.  In  this  thickness  the  depth 
of  color  is  about  an  optimum  for  judging  dififerences  of  color  depth. 

Curve  E,  Fig.  2,  gives  the  transmission  of  a  piece  of  this  glass 
1  nun.  thick.  Curves  F  and  G  are  the  physiological  transmissions 
of  this  glass  and  of  a  corresponding  acid  hematin  solution  re- 
spectively. They  are  obtained  by  multiplying  the  transmissions 
of  the  two  materials  by  the  luminosity  curve  for  white  Ught.  It 
will  be  seen  that  they  fall  more  nearly  together  than  do  the 
corresponding  Curves  B  and  C  for  the  Miescher  hemoglobin- 
ometer. 

In  order  that  the  glass  shall  match  a  fixed  density  acid  hematin 
solution  the  illumination  must  be  constant.  It  may  be  either  the 
light  of  a  northern  sky  or  that  given  by  a  nitrogen-filled  tungs- 
ten lamp  filtered  through  "daylite"  Corning  glass,  the  two  illu- 
minants  being  interchangeable.  The  match  is  sufficiently  good 
so  that  further  improvement  is  not  a  matter  of  importance, 
there  being  a  limit  to  the  refinement  with  which  any  colorimetric 
estimation  may  be  made.  The  use  of  a  fixed  thickness  of  colored 
material  as  a  standard  has  a  distinct  advantage  over  the  use  of  a 
wedge.  It  is  impossible  to  secure  an  artificial  color  match  which 
shall  run  true  through  a  range  of  thicknesses,  though  some  may 
do  so  approximately. 

Clinical  Estimation  of  Oxyhemoglobin. 

There  is  no  method  of  estimating  hemoglobin  which  is  superior 
to  the  oxygen  capacity  method  of  Van  Slyke  (21).  For  chnical 
purposes,  however,  some  colorimetric  method  for  the  estimation 
of  hemoglobin  is  essential.  It  therefore  becomes  a  question  of 
devising  a  color  standard  which  shall  be  permanent,  which  to 
different  individuals  shall  have  the  same  apparent  hemoglobin 
value,  and  which  can  be  easily  suppUed  as  a  uniform  product. 
A  stock  of  ''high  transmission  yellow*'  glass  having  the  properties 
set  forth  in  the  previous  section  has  been  set  aside  for  this  pur- 
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pose.'  Its  hemoglobin  value  has  been  carefully  estimated.  It  is 
to  be  used  in  thicknesses  of  1  mm.  in  connection  with  some 
colorimeter  of  the  Duboscq  type.  When  used  with  the  Duboscq 
colorimeter  it  is  placed  in  the  light  path  of  one  ofth^  cells  (at 
the  top  of  the  plunger)  and  the  corresponding  cell  or  cup  is  filled 
with  water.  In  the  other  cup  are  placed  5  cc.  of  0.1  n  HCl 
(1  per  cent  c.p^  HCl)  and  to  the  cup  are  added  20  cnmi.  of  blood 
obtained  from  a  puncture  wound  with  a  capillary  pipette.'  If  the 
two  Ught  fields  are  now  balanced  by  lowering  the  plunger  in  the 
hematin  cup  the  hemoglobin  reading  in  gm.  per  100  cc.  of  whole 

blood  is  represented  by  the  quantity  — ^- —  where  d  is  the  dilution 

(in  this  case  251),  t  the  thickness  of  the  balancing  solution  in  mm., 
the  colorimeter  reading,  and  0.38  a  number  empirically  deter- 
mined for  a  1  mm.  glass.^    This  expression  has  to  be  modified 

•  The  Arthur  H.  Thomas  Company,  Philadelphia,  is  prepared  to  supply 
this  glass  cut,  ground,  and  polished  to  thickness,  the  thickness  being 
engraved  on  each  piece.  They  will  also  supply  the  necessary  pipettes, 
and  the  "daylite"  unit  for  use  at  night  consisting  of  an  8"  roundel  of 
'May lite''  glass  and  an  appropriate  shade.  The  measured  glass  discs  will 
also  be  provided  as  a  part  of  the  regular  equipment  of  the  new  Bausch 
and  Lomb  colorimeter  of  the  Duboscq  type. 

'  The  colorimeter  described  by  Bock,  J.  C,  and  Benedict,  S.  R.,  (/. 
Biol.  Chem.,  1918,  xxxv,  227)  is  well  adapted  for  this  purpose.  The 
colorimeter  cup  is  small  enough  to  be  almost  filled  by  5  cc.  of  solution,  thus 
permitting  readings  to  be  made  on  bloods  running  as  low  as  20  per  cent 
of  the  normal  without  its  being  necessary  to  increase  the  density  of  the 
hematin  solution  by  using  a  larger  amount  of  blood.  For  the  ordinary 
Duboscq  cup  the  20  c.mm.  of  blood  suffice  for  hemoglobin  readings  down 
to  50  per  cent  of  the  normal. 

*  Since  the  thickness  of  the  glass  can  seldom  be  exactly  1  mm.,  there  is  a 
further  factor  multiplying  this  formula.  If  h  be  the  thickness  of  the  glass, 
then  for  values  of  h  sufficiently  near  unity  it  is  permissible  for  this  factor 
to  be  h  itself.  As  a  matter  of  fact  it  is  slightly  less  than  h.  For  such  an 
approximation  h  should  not  vary  from  unity  by  more  than  0.05  mm.  The 
actual  value  of  the  factor  is  somewhat  involved.  If  0(X),  X  being  wave- 
length, represents  the  values  of  the  extinction  coefficients  for  a  1  mm.  glass 
alone  (not  including  surface  loss),  then  for  the  glass  and  surface  together 
€  =  <f>(\)  +  0.041  and  the  transmission  is  T  =  iq-^CM  ^0.041  (Curve  E, 
Fig.  2).  The  total  energy  transmitted  by  the  glass  in  the  visible  region 
is  the  area  under  this  curve,  or 


I 


■  7000 

^=.    I  10  -  ^  (^)  -  0.0*1  dx 

4000 
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because  of  the  fact  that  the  hematin  does  not  reach  its  full  density 

for  some  time  (as  stated  above).     If  x  is  the  time  in  minutes  after 

making  the  dilution  from  the  pipette,  then  the  reading  is  too 

40 
small  by  a  percentage  equal  to  — ,  and  the  real  reading  is 

X 

38d 


/  40 


40\ 


It  will  be  seen  that  when  x  is  very  large  this  becomes  equivalent 
to  the  first  formula  given.    When  x  is  equal  to  10  (at  the  end  of 

But,  as  mentioned  above,  we  are  concerned  rather  with  the  physiological 
effect  of  this  energy  than  with  the  energy  itself.  If  the  visibility  of  white 
light  is  represented  by  the  function  ^  (X),  then  this  physiological  energy 
impression  or  the  luminosity  of  the  illuminated  glass  is 

X-7000 

d(X)  10-*<^>-<^-W^dX 
-4000 

The  thickness  of  the  glass  being  h  instead  of  unity,  the  new  physiological 
transmission  integral  is 

X-7000 

k-4000 

If  ^  (X)  represents  the  extinction  coefficient  of  a  solution  of  acid  hematin 
matching  the  glass  given  by  ^  (X),  then  a  condition  for  the  match  is 

>X  -  7000  pX  -  7000 

^(X)10-^(^>rfX  =    I  ^  (X)  10 -*(X)- 0.041^ 


4000  tyX-i4000 


*  ■£ 


and  this  condition  holding,  then 

X-7000  pX -  7000 

^  (X)  10-*^(X)  dX  ±    I  ^  (X)  10-**  W-00*1  dK 


"  *r 


.  -  4000  c/X  -  4000 

but  the  two  integrals  are  nearly  equal  when  h  is  nearly  unity.  No  matter 
how  nearly  0  (X)  may  equal  ^  (X)  these  two  latter  integrals  cannot  be  alike 
because  of  the  factor  IQ-^-^i  in  one  of  them.  If  conditions  are  such  that 
the  surface  factor  10"°'^*  is  absent  then,  since  the  assumption  is  that  the 
functions  0  (X)  and  ^  (X)  arc  not  identical,  it  follows  that  the  integrals  also 
are  not  identical.  They  can  be  made  equal  for  one  and  only  one  value  of 
hy  a  value  here  chosen  as  unity.  This  inequality  constitutes  sufficient  proof 
of  the  proposition  that  a  wedge  of  glass  can  never  exactly  balance  a  vary- 
ing solution  density.  The  accompanying  inequalities  in  shade  constitute 
the  most  important  difference. 
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10  minutes),  the  hematin  has  reached  to  within  4  per  cent 
in  20  minutes  to  within  2  per  cent,  and  in  40  minutes  to  within 
1  per  cent  of  its  final  value.    For  mental  calculations  the  figure 

given  by  the  simple  formula  -^-—  may  therefore  be  simply  in- 
creased by  these  percentages. 

Table  V  gives  some  of  the  readings  by  which  the  caUbration  of 
the  glass  was  made  and  indicates  Yrhskt  latitude  may  be  expected  in 
such  observations.  The  table  gives  results  with  the  artificial 
illumination  and  with  ordinary  dayli^t.  Each  column  represents 
ten  settings  made  by  the  individual  whose  initials  stand  at  the 
head  of  the  column.  The  individuals  making  the  settings  were 
not  aware  of  the  readings  until  they  had  finished  the  experiment. 
It  is  impossible  to  expect  any  single  setting  to  come  very  close  to 
the  mean.  This  is  true  of  any  sort  of  colorimetric  setting  though 
peiiiaps  it  is  not  generally  recognized. 

A  formula  giving  the  oxygen  capacity  of  100  cc.  of  blood  is 
obtained  by  introducing  the  factor  1.34  into  the  above  formula. 

0.38d      ,  ^,      0.51d 
—  X1.34.— 

Haldane  and  Smith  (27)  adopt  18.5  cc.  oxygen  capacity  as  a 

normal.    The  resultant  hemoglobin  percentage  scale  is  known  by 

his  name.    On  his  scale  the  formula  for  per  cent  hemoglobin  is 

2.75f/ 

— - —  per  cent. 
* 

Tables  VI  and  VII  give  in  convenient  form  the  figures  into 
which  ij  the  thickne33  of  the  balancing  solution  in  mm.,  is  to  be 
divided  in  order  to  obtain  the  concentration  of  hemoglobin  in 
gm.  per  100  cc.  of  whole  blood  and  in  per  cent  Haldane.  The 
dilution  is  taken  as  251.  To  each  of  certain  possible  thick- 
nesses of  colored  glasses  there  corresponds  a  column  of  figures 
corrected  for  the  time  factor  in  the  formation  of  acid  hematin. 


TABLE  V. 

Colorimeter  Readings  Balancing  a  Certain  Hematin  Solution  against  Yellow 

Glass, 


m 

f^ 

• 

S5 

o; 

m 

• 

• 

PU 

• 

PU 

GQ 

o 

QQ 

o 

GQ 

o 

od 

o 

GQ 

o 

» 

• 

» 

:i 

u 

• 

» 

• 

u 

^ 

> 

< 


Illumination  with  ''daylite''  unit. 


4.05 

3.9 

4.05 

4.2 

4.0 

3.8 

4.0 

4.05 

4.0 

4.0 

48.60 

4.0 

3.8 

4.05 

4.0 

4.0 

3.9 

4.1 

4.15 

4.05 

3.8 

47.60 

1 

4.0 

4.15 

4.1 

4.15 

4.1 

4.1 

4.0 

4.15 

3.95 

3.9 

48.35 

4.0 

4.05 

4.0 

4.0 

4.3 

4.1 

4.05 

4.1 

4.2 

3.8 

47.65 

4.05 

4.0 

4.25 

3.8 

3.9 

4.2 

4.15 

4.1 

4.2 

4.2 

48.05 

4.3 

3  85 

4.4 

3.8 

4.15 

3.9 

3  85 

4.3 

4.1 

4.15 

48.25 

4.05 

4.05 

4.1 

4.1 

4.4 

4.1 

3.95 

4.1 

4.0 

4.1 

47.40 

4.0 

4.05 

4  35 

3.9 

4.0 

4  05 

4.25 

3.8 

4.15 

4.1 

47.60 

4.25 

4.15 

4.05 

3.9 

4.0 

4.15 

3.95 

3.95 

4.15 

4.1 

47.90 

4.1 

3.8 
39.8 

4.0 
41.35 

4.0 
39.85 

4.2 
41.05 

4.15 
40.45 

4.1 
40.40 

3.9 
40.60 

4.1 
40.90 

3.8 
39.95 

46.95 

40.80 

478.35 

Zero  cor- 

rection. 

7.8 

7.8 

7.0 
48.35 

7.8 

7.0 
48.05 

7.8 
48.25 

7.0 
47.40 

7.0 
47.60 

7.0 
47.90 

7.0 

48.60 

47.60 

47.65 

46.95 

Illumination  with  light  of  northern  sky. 


Zero  cor- 
rection. 


48.05  '47.50 


4.05 

4.05 

4.0 

4.0 

3.95 

3.95 

4.05 

3.8 

4.0 

3.8 

3.9 

4.2 

3.95 

4.0 

4.0 

4.0 

4.05 

4.05 

4.0 

4.1 

3.9 

4.15 

4.1 

3.8 

3.9 

4.0 

4.0 

4.0 

3.9 

4.0 

4.1 

4.05 

4.05 

3.9^ 

3.95 

4.0 

3.95 

3.9 

4.05 

4.15 

4.0 

3.95 

4.0 

4.0 

3.9 

3.85 

4.1 

4.15 

4.0 

4.0 

3.85 

4.0 

4.15 

4.1 

3.85 

4.0 

4.05 

4.1 

4.05 

4.0 

4.05 

4.0 

4.1 

4.15 

4.25 

4.1 

3.95 

4.0 

4.05 

4.1 

4.05 

4.2 

4.2 
40.55 

4.0 
40.00 

4.1 

4.1 
40.40 

4.05 
39.85 

4.1 
40.15 

4.0 
40.40 

4.2 
40.50 

39.80 

7.0 

7.0 
47.00 

8.0 

8.0 

8.0 

47.85 

8.0 
48.15 

8.0 
48.40 

8.0 

47.55 

47.80 

48.40 

48.50 

48.05 
47.50 
47.55 
47.00 
47.80 
48.40 
47.85 
48.15 
48.40 
48.50 

479.20 


Average  with  **daylite"  unit 

"  **     light  from  northern  sky. 


478.35 
479.20 


Final  average 200  957.55 


4.7877 


Oxygen  capacity  of  blood  used »    20.6  cc. 

Dilution -  201 

Colorimeter  factor —      0.369 

Thickness  of  colored  glass , ^     0.97  mm. 

Colorimeter  factor  corrected  to  1  mm.  glass  »     0.38 
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TABLE  VI. 


To  obtain  gm.  of  hemoglobin  per  100  cc.  of  whole  blood,  divide  the 
colorimeter  reading  into  the  figure  of  the  appropriate  square,  the  choice 
of  the  square  depending  upon  the  thickness  of  the  glass  used  and  the 
length  of  time  since  dilution  of  the  blood  was  made. 


Time  linoe 
dilution. 

Thicknen  of  colored  class  in  mm. 

0.05 

0.M 

0.07 

0.06 

0.00 

1.00 
99.4 

1.01 

1.02 

1.0S 

1.04 

1.05 

min. 
10 

94.4 

95.4 

96.4 

97.4 

98.4 

100.4 

101.4 

102.4 

103.4 

104.4 

15 

93.1 

94.1 

95.0 

96.0 

97.0 

98.0 

99.0 

100.0 

101.0 

102.0 

103.0 

20 

92.5 

93.5 

94.5 

95.4 

96.4 

97.4 

98.4 

99.4 

100.4 

101.3 

102.3 

30 

91.8 

92.8 

93.8 

94.8 

95.7 

96.7 

97.7 

98.6 

99.6 

100.5 

101.5 

40 

91.6 

92.5 

93.5 

94.5 

95.4 

96.4 

97.4 

98.3 

99.3 

100.3 

101.2 

Final '.. 

90.6 

91.6 

92.5 

93.5 

94.4 

95.4 

96.4 

97.3 

98.3 

99.2 

1U0.2 

TABLE  VIL 

To  obtain  the  per  cent  hemoglobin,  Haldane  scale,  divide  the  color- 
imeter reading  into  the  figure  of  the  appropriate  square,  the  choice  of 
the  square  depending  upon  the  thickness  of  the  glass  used  and  the 
length  of  time  since  dilution  of  the  blood  was  made. 


Time  since 
dilution. 

Thickness  of  colored  glsn  in  mm. 

0.05 

0.06 

0.07 

0.08 

0.00 

1.00 

1.01 

1.02 

1.03 

1.04 

1.05 

min. 
10 

683 

690 

697 

704 

712 

■ 

719 

726 

733 

740 

748 

755 

15 

673 

680 

687 

694 

702 

709 

716 

723 

730 

737 

744 

20 

669 

676 

683 

690 

697 

704 

711 

718 

725 

732 

739 

30 

664 

671 

QfS 

685 

692 

699 

706 

713 

720 

727 

734 

40 

662 

669 

676 

688 

690 

697 

704 

711 

718 

725 

732 

Final 

655 

662 

669 

676 

683 

690 

697 

704 

711 

717 

724 

CONCLUSION. 

The  transmissions  of  acid  hematin,  oxyhemoglobin,  and  carbon 
monoxide  hemoglobin  for  the  ultra-violet  and  visible  spectra 
have  been  determined  to  within  limits  of  error,  which  I  believe  do 
not  exceed  4  and  2  per  cent  respectively.  The  quantitative  data 
for  the  oxygen  capacity  of  hemoglobin  has  been  shown  to  agree 
essentially  with  certain  spectrophotometric  data  and  the  two  have 
been  brought  into  correlation  with  each  other  and  with  the  com- 
plete absorption  curves  of  the  three  compounds.     The  optical 
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conditions  underlying  colorimetric  hemotometry  have  been 
briefly  discussed.  A  hemoglobinometer  with  a  colored  glass 
standard  has  been  described. 

I  am  indebted  to  many  for  the  interest  which  they  have  shown 
in  the  experimental  difficulties  which  have  presented  themselves. 
More  particularly  I  wish  to  thank  Drs.  Littleton  and  Gage  of 
Corning  and  Dr.  Karrer  of  the  United  Gas  Improvement  Com- 
pany for  the  facilities  which  they  have  extended  to  me. 
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STUDIES  IN  NUTRITION. 

I.    THE  NUTRITIVE  VALUE  OF  COCONUT  GLOBULIN  AND 

COCONITF  PRESS  CAKE. 

By  carl  O.  JOHNS,  A.  J.  FINKS,  and  MABEL  S.  PAUL. 

(From  the  Protein  Investigation  Laboratory ^  Bureau  of  Chemistry,  Depart- 
ment of  Agriculture,  Washington.) 

(Received  for  publication,  February  7,  1919.) 

The  use  of  coconut  products  has  increased  rapidly  in  the 
United  States  during  the  last  3  years.  Statistics  obtained  from 
the  Department  of  Commerce  show  that  during  the  three  12 ' 
month  periods  ending  June  30,  in  the  years  1916,  1917,  and 
1918,  the  imports  of  coconut  products  were  valued  at  approxi- 
mately $8,000,000,  $25,000,000,  and  $63,000,000.  During  the 
12  month  period  ending  June  30,  1918,  486,996,112  pounds  of 
copra  or  dried  coconut  meats,  valued  at  $26,945,569,  were  im- 
ported. This  is  more  than  four  times  the  quantity  imported  in 
1916. 

Copra  is  pressed  in  the  oil  mills  of  this  country  in  order  to 
obtain  coconut  oil,  which  is  used  to  a  great  extent  in  the  manu- 
facture of  vegetable  oleomargarine,  frequently  called  nut  marga- 
rine. After  pressing,  a  cake  containing  about  10  per  cent  of  oil 
and  17  to  18  per  cent  of  protein  (N  X  5.7)  remains.  In  calcu- 
lating the  percentage  of  protein  from  the  nitrogen  content  of 
coconut  press  cake,  the  factor  5.7  gives  more  accurately  the 
percentage  of  protein  than  does  the  factor  6.25,  since  coconut 
globulin,  which  is  the  chief  protein  in  coconut  press  cake,  contains 
approximately  17.5  per  cent  of  nitrogen.  This  is  the  average 
percentage  of  nitrogen  found  in  ten  different  preparations  of 
coconut  globulin. 

Coconut  press  cake  is  rapidly  gaining  favor  in  the  United  States 
as  a  cattle  food.  It  has  been  found  especially  valuable  when  used 
as  a  protein  concentrate  in  feeding  milch  cows.  Experiments  made 
both  in  the  United  States  and  in  Europe  show  that  its  use  tends 
to  produce  a  milk  with  a  high  fa.t  content. 
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The  basic  nitrogen  of  coconut  globulin  constitutes  more  than 
one-third  of  the  total  nitrogen,  and  the  percentages  of  amino-acids 
in  the  globulin  are  as  follows:^ 

Amino-Acid.  percent 

Cystine 1 .44 

Arginine 15.92 

Histidine ? 2.42 

Lysine 5.80 

This  globulin,  therefore,  contains  all  of  the  basic  amino-acids 
which  are  known  to  be  essential  for  normal  growth.  It  also 
contains  tryptophane.  Compared  with  other  vegetable  proteins 
it  contains  a  relatively  high  percentage  of  lysine  which  is  present 
in  but  small  quantities  in  the  proteins  of  most  cereal  grains.  It 
could  be  predicted  that  the  protein  of  the  coconut  would  there- 
fore be  of  high  quality.  Nutrition  experiments  fully  corroborate 
the  chemical  analyses.  The  isolated  globulin,  as  well  as  the  press 
cake,  was  fed  as  the  sole  source  of  protein  to  white  rats,  and 
normal  growth  was  obtained,  showing  that  the  protein  has  a 
high  biological  value. 

In  the  first  experiment  the  rats  were  fed  on  a  diet  of  isolated 
coconut  globulin,  together  with  the  other  essential  ingredients  of 
an  adequate  diet.  The  necessary  salts  and  water-soluble  vita- 
mines  were  supplied  by  protein-free  milk.  This  diet  was  eaten 
readily,  and  the  rats  showed  none  of  the  symptoms  that  accom- 
pany a  deficient  diet.  The  rate  of  growth  was  above  normal  and 
Rat  63  gave  birth  to  eight  young.  The  failure  to  rear  them  was 
probably  due  to  the  fact  that  the  percentage  of  protein-free  milk 
in  the  diet,  while  sufficient  for  normal  growth  of  the  mother,  did 
not  furnish  enough  water-soluble  vitamine  for  both  the  mother 
and  young.  The  curves  in  Chart  I  show  the  high  biological 
value  of  coconut  globulin. 

Another  experiment  with  coconut  globulin  was  made,  in  which 
the  salts  were  supplied  by  an  artificial  mixture  approximating  in 
composition  the  inorganic  constituents  of  milk.  The  water- 
soluble  vitamine  in  the  diet  was  supplied  by  2  per  cent  of  dried 
brewers'  yeast.    As  shown  on  Chart  II,  the  rats  grew  at  an  almost 

*  Johns,  C.  0.,  Finks,  A.  J.,  and  Gersdorff,  C.  E.  F.,  J.  Biol,  Chem., 
1919,  xxxvii,  149. 
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normal  rate.  The  2  per  cent  of  yeast  probably  suppEed  scarcely 
enough  water-soluble  vitamine  for  normal  growth.  It  was  con- 
sidered advisable,  however,  not  to  increase  the  percentage  of 
yeast  in  the  diet,  in  order  to  eUminate  the  possibility  of  adding 
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Chart  I.  Growth  on  a  diet  containing  coconut  globulin  as  the  sole 
source  of  prot«in.  More  than  average  normal  growth  was  obtained  in 
each  ctLBB.  Rat  63  9  grew  more  rapidly  than  the  normal  rate  of  growth 
for  a  male  rat.  It  was  mated  with  Rat  04  cf  when  about  120  gm.  in  weight 
and  gave  birth  to  a  litter  of  eight  young  which  were  not  reared.  The 
composition  of  the  diet  waa  aa  follows: 

Coconut  globulin* 18 

Protein-free  milk 28 

Agar 5 

Starch 21 

Butter  fat 18 

Urd .-s  7 

*  Johns,  C.  O.,  Finks,  A.  J.,  and  GeradorS,  C.  E.  F.,  J.  Biol.  Chem., 
1919,  xxzvii,  149. 


enough  yeast  protein  to  exert  a  supplementing  effect  on  the  coco* 
nut  globulin. 

In  the  third  experiment  commercial  coconut  press  cake  was 
used  as  the  sole  source  of  protein.     The  press  cake,  which  was 
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ground  to  a  meal,  constituted  75  per  cent  of  the  diet,  the  re- 
mainder being  21  per  cent  of  butter  fat.  and  4  per  cent  of  an 
adequate  salt  mixture.    This  diet  contained  only  13.1  per  cent 
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Chart  II.  Growth  on  coconut  globulin,  using  2  per  cent  of  dried 
brewers'  yeaat  as  the  source  of  water-soluble  vitamine,  and  an  artifieial 
salt  mixture  replacing  protein-free  milk.  The  rate  of  growth  was  below 
that  obtained  when  protein-free  milk  was  used  in  the  diet  (Chart  I).  The 
supply  of  water-soluble  vitamine  furniahed  by  2  per  cent  of  yeast  was 
probably  scarcely  enough  for  normal  growth.  The  composition  of  the 
diet  was  as  follows: 

Coconut  globulin 18 

Salt  mixture* 4 

Dried  brewers'  yeast 2 

Agar 5 

Starch 46 

Butter  fat 18 

Lard 7 

•The  composition  of  salt  mixture  is  as  follows  (Osborne.  T.  B.,  and 
MendeU  L.  B.,  J.  Biol.  Chem..  1917.  xxxii.  374): 


CaCO, 

134.8 

Citric  acid  +  H,0. , 

111.1 

MkCO, 

24.2 

Fe  citrate  -t-lj  H,0. 

6.34 

Na,CO, 

34.2 

KI 

0.030 

KjCO, 

141.3 

MnSO, 

0.079 

II,SO, 

9.2 

of  protein  (N  X  5.7).  Notwithstanding  the  relatively  low  pro- 
tein content  of  this  diet,  several  of  the  rats  attained  normal 
growth   (Chart  III).     This  experiment  shows  conclusively  the 
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high  biological  value  of  coconut  press  cake.  Because  of  its  bulky 
character,  the  diet  was  far  from  ideal  for  nutrition  experiments 
with  rats,  and  would  probably  be  more  satisfactory  for  animals 
like  cattle  which  have  a  large  digestive  tract  and  are  accustomed 
to  coarse,  bulky  diets.    The  growth  obtained  on  this  diet  shows 
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Chart  III.  Growth  on  a  diet  in  which  coconut  press  cake  w&a  the 
Bole  source  of  protein.  The  protein  content  of  the  press  cake  was  17.5 
(N  X  5.7).  The  diet  therefore  cootaioed  only  13.1  per  cent  of  protein 
when  all  the  nitrogen  in  the  press  cake  was  calculated  as  protein  nitrogen. 
Nevertheless  the  rats  grew  at  an  almost  normal  rate.  The  composition 
of  the  diet  was  as  follows: 

Coconut  press  cake 75 

Salt  mixture 4 

Butter  fat 21 


that  coconut  press  cake  contains  a  sufficient  quantity  of  water- 
soluble  vitamine.  There  are  also  indications  that  it  contains 
some,  although  an  insufficient  quantity,  of  fat-soluble  vitamine, 
since  considerable  growth  was  obtained  without  the  addition  of 
butter  fat.  When  the  latter  was  added,  the  rate  of  growth  became 
more  rapid,  as  shown  in  Chart  IV. 
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Ppeliminary  experiments  show  that  coconut  press  cake  is  de- 
ficient in  inorganic  constituents,  probably  calcium,  phosphorus, 
and  chlorine.  , 
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Chart  IV.  Growth  oq  coconut  press  cake  without  the  addition  of 
butter  fat  for  a  period  of  80  days.  The  growth  obtained  indicates  the 
presence  of  some  fat -soluble  vitamine  in  coconut  press  cake.  The  rate  of 
growth  was  increased  by  the  addition  of  butter  fat.  The  composition  of 
the  diet  during  the  period  when  it  contained  no  butter  fat  was  as  follows: 

Coconut  press  cake ...,.■ 75 

Salt  mixture \  .  4 

Lard 21 

During  the  second  period  the  lard  was  replaced  by  butter  fat. 


CONCLUSIONS, 

1.  It  has  been  shown  that  the  globulin  of  the  coconut  produces 
normal  growth  when  used  as  the  sole  source  of  prot«in  in  an 
otherwise  complete  diet. 

2.  Commercial  coconut  press  cake  furnishes  the  necessary 
protein  for  growth  at  almost  a  normal  rate. 

3.  Coconut  press  cake  contains  sufficient  water-soluble  vita- 
mine,  and  experiments  indicate  that  it  also  contains  some  fat- 
soluble  vitamine,  but  the  rate  of  growth  is  increased  by  adding 
buller  fat  to  the  diet. 


NOTE  ON  THE  DETERMINATION  OF  BLOOD  SUGAR 
BY  THE  MODIFIED  PICRIC  ACID  METHOD. 

By  STANLEY  R.  BENEDICT. 

{From  the  Department  of  Chemistry,  Cornell  University  Medical  School^ 

New  York  City.) 

(Received  for  publication,  February  26,  1919.) 

In  a  recent  number  of  this  Journal  Rohde  and  Sweeney^  have 
called  attention  to  the  fact  that  certain  samples  of  the  picrate- 
picric  acid  solution  recommended  by  the  present  writer  for  use 
in  the  determination  of  sugar  in  blood  may  fail  to  precipitate 
properly  proteins  or  chromogenic  substances  from  the  blood.  In 
such  instances  the  final  results  may  be  many  times  too  high. 

We  noted  this  same  fact  in  our  laboratory  early  this  fall,  but 
did  not  cofinect  it,  as  Rohde  and  Sweeney  have  done,  with  differ- 
ent samples  of  picric  acid.  One  of  our  students  made  up  a  solu- 
tion of  the  picrate-picric  acid  solution  which  failed  to  precipitate 
blood  properly,  though  other  solutions  prepared  from  the  same 
sample  of  picric  acid  worked  satisfactorily.  A  study  of  the  ques- 
tion showed  that  the  important  point  from  the  practical  stand- 
point is  simply  one  of  the  final  acidity  of  the  solution.  For  proper 
precipitation  of  the  blood  the  sohition  must  have  an  acidity  as 
high  as  0.05  n  or  0.04  n,  as  determined  by  titration  of  a  portion 
of  the  solution  with  alkali,  using  phenolphthalcin  as  indicator. 
The  unsatisfactory  solutions  are  usually  alkahne  to  litmus,  due 
either  to  impurity  in  the  original  sample  of  picric  acid,  or  to  addi- 
tion of  a  little  too  much  alkali  during  preparation  of  the  solution. 
On  account  of  the  diflSculty  of  weighing  sodium  hydroxide  with 
exactness  it  is  preferable  to  prepare  the  500  cc.  of  1  per  cent  solu- 
tion by  dilution  of  a  10  or  20  per  cent  solution. 

Titration  of  the  final  solution  is  necessarj*^  only  when  a  portion 
fails  to  precipitate  the  blood  properly.  Such  a  solution  may  be 
corrected  by  addition  of  a  quantity  of  glacial  acetic  acid  calcu- 

*  Rohde,  A.,  and  Sweeney,  M.,  J.  Biol.  Chem.,  191S,  xxxvi,  475. 

503 


504  Blood  Sugar  Determination 

lated  to  bring  the  acidity  between  0.05  n  and  0.04  n.  Any 
excess  of  acid  over  that  necessary  is  to  be  avoided,  since  even 
very  small  amounts  of  acetic  acid  in  excess  will  lead  to  a  remarkable 
decrease  in  the  rate  of  ultimate  color  development,  both  in  blood 
and  in  pure  glucose  solutions. 


THE  PRESENCE  OF  CALCroM  IN  THE  RED  BLOOD 
CORPUSCLES  OF  OX  AND  MAN.* 

By  DAVID  MURRAY  COWIE  and  HENRIETTA  A.  CALHOUN. 
{From  the  Department  of  PediatricSy  University  of  Michigan,  Ann  Arbor.) 
(Received  for  publication,  September  4,  1918.) 

The  work  of  Gryns,  Eykman,  Overton,  Koppe,  Hamburger,  and 
of  Hedin,'  goes  to  show  that  the  blood  cells  are  impermeable  to 
calcium,  strontium,  barium,  and  magnesium. 

Marriott  and  Rowland^  state  that  ''corpuscles  contain  no 
calcium,  and  that  the  fibrin  clot  contains  only  a  very  small  and 
fairly  constant  amount  of  calcium.*'  On  the  other  hand,  the 
older  chemists,  Schmidt*  in  particular,  held  that  the  corpuscles 
contain  appreciable  amounts  of  calcium. 

Because  of  this  difference  .of  opinion,  we  attempted  to  deter- 
mine whether  the  red  blood  corpuscles  contain  calcium.  Methods 
have  been  devised  by  Laws  and  Cowie*  and  by  Lyman.*  The 
calcium  method  for  blood  using  the  nephelometer  (latest  type  of 
Duboscq  colorimeter  with  nephelometer  attachment)  chosen  for 
the  demonstrations  was  that  of  Lyman.  We  make  the  following 
slight  modifications. 

The  blood  is  drawn  from  the  vein  in  the  arm  into  a  5  cc.  pipette  at- 
tached to  a  hollow  needle  by  means  of  a  rubber  tubing.  Before  using, 
the  pipette  is  washed  with  cold  1  per  cent  sodium  citrate  solution  made 
up  with  0.9  per  cent  NaCl  solution.    This  is  so  successful  that,  working 

*  Preliminary  report  read  before  the  American  Pediatric  Society,  White 
Sulphur  Springs,  May,  1917. 

*  Quoted  by  Hammarsten,  O.,  A  text  book  of  physiological  chemistry, 
New  York,  5th  edition,  1908,  195. 

*  Marriott,  W.  McK.,  and  Howland,  J.,  J.  Biol.  Chem.,  1917,  xxxii,  233. 

*  Schmidt,  C,  Charakteristik  der  epidemischen  Cholera,  Leipsic, 
1850;  quoted  in  Mathews,  A.  P.,  Physiological  Chemistry,  New  York, 
1915^  462. 

*  Laws,  C.  H.,  and  Cowie,  D.  M.,  Am.  J.  Dis.  Child.,  1917,  xiii,  236. 

*  Lyman,  H.,  /.  Biol.  Chem.,  1917,  xxix,  169. 
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rapidly,  three  5  cc.  pipettes  may  be  filled  without  removing  the  needle 
from  the  vein. 

After  the  addition  of  1  cc.  of  the  20  per  cent  sodium  acetate  solution, 
the  flasks  are  cooled  on  ice  until  a  cloud  appears.  The  flasks  are  corked 
with  well  fitting  corks  that  have  been  soaked  in  hydrochloric  acid  solution 
and  washed  with  distilled  water  until  the  wash  water  gives  no  test  for  acid. 
All  the  centrifugalizations  are  at  high  speed  for  3  minutes.  The  super- 
natant fluid  is  poured  off  the  calcium  oxalate  at  the  bottom  of  the  tube 
with  a  single  rapid  motion. 

Otherwise,  the  method  follows  Lyman's  directions,  and  the 
calculation  is  made  in  mg.  of  calcium  (not  calcium  oxide)  per 
100  cc.  of  blood.  The  ammonium  stearate  solution  keeps  well. 
A  solution  made  in  June,  1917,  is  still  clear  after  standing  for  a 
year.  All  chemicals  are  tested  to  be  sure  that  they  are  calcium- 
free;  for  the  greater  part  Kahlbaimi  salts  are  used. 

Ox  Blood. — Ox  blood  is  obtained  by  collecting  it  directly  from  the  heart 
into  a  clean  flask  surrounded  by  a  freezing  mixture  of  ice  and  salt.  5  cc. 
of  this  are  measured  as  rapidly  as  possible  into  Erlenmeyer  flasks  con- 
taining 15  cc.  of  trichloroacetic  acid.  The  measuring  pipette  is  rinsed 
in  1  per  cent  sodium  citrate  solution  to  prevent  clotting,  and  the  same 
pipette  is  used  for  all  the  measurements. 

Serum  and  Corpuscles. — To  obtain  serum  and  corpuscles  from  defibri- 
nated  blood,  fresh  blood  is  defibrinated  at  once  by  whipping  with  a  glass 
stirring  rod.  Small  pieces  of  clot  are  subsequently  removed  by  straining 
through  two  layers  of  surgeon's  gauze  which  has  been  previously  rendered 
calcium-free  by  soaking  in  dilute  hydrochloric  acid  solution,  and  the 
acid  is  removed  by  washing  in  calcium-free  distilled  water  until  no  trace 
of  acid  is  left.  This  gives  a  suspension  of  corpuscles  in  serum.  The  cor- 
puscles and  serum  are  separated  by  centrifugalization.  The  serum  is 
pipetted  off  with  a  suction  pipette. 

Unwashed  Corpjiscles. — To  the  centrifugal  tubes  from  which  the  serum 
has  been  removed  0.9  per  cent  sodium  chloride  solution  is  added.  The 
tubes  are  washed  once  to  remove  scrum  that  may  be  adherent  to  the  cells, 
and  then  centrifugalized  for  10  minutes.  The  supernatant  fluid  is 
pipetted  off.  Comparative  analyses  are  made  on  the  same  batch  of 
corpuscles,  5  cc.  samples  being  used. 

WashedCorpusclcs. — Washed  corpuscles  are  obtained  by  washing  through 
throe  changes  of  0.9  per  cent  salt  solution.  The  isotonic  solution  prevents 
the  removal  of  adsorbed  calcium  but  favors  the  removal  of  absorbed 
calcium.     It  requires  an  infinite  number'  of  washings  to  remove  adsorbed 

•  Hayliss,  W.  M.,  Principles  of  general  physiology,  London,  2nd 
edition,  11)18,  GO. 
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substances  in  isotonic  equilibrium.    5  cc.  samples  of  washed  corpuscles 
were  used  for  the  calcium  determinations. 

Following  the  custom  used  in  obtaining  solutions  containing  a  certain 
percentage  of  red  corpuscles  in  Wassermann  technique,  we  consider  the 
corpuscles  in  the  bottom  of  the  tube  after  all  the  fluid  has  been  pipetted 
off  a  constant  solution.  Any  variation  between  different  batches  is  of 
minor  importance,  since  the  object  is  not  to  find  a  method  for  determining 
the  calcium  content  of  the  blood  by  using  the  red  corpuscle,  but  to  de- 
termine whether  calcium  is  present  in  the  corpuscles. 

The  serum  from  undefibrinated  blood  is  obtained  by  allowing  the  blood 
to  stand  12  to  24  hours  until  the  serum  separates.  This  serum  is  decanted 
and  centrifugalized  to  free  it  from  corpuscles.  The  serum  from  the  bottom 
of  the  vessel  may  contain  enough  corpuscles  to  use  for  the  determination 
of  calcium  in  corpuscles  from  undefibrinated  blood.  If  there  is  any 
hemolysis,  the  specimen  is  xliscarded. 

Our  results  are  given  in  Table  I. 

TABLE  I. 
Calcium  Content  of  Whole  Blood  in  Ox  and  Man,  Mg.  per  100  Cc. 


Whole  blood. 

No.  of  determi- 
natioDS.* 

Calcium. 

Ox  blood. 

Xo.  1 

■ 

11 
10 

7 

mg. 
8.68 

it       9 

7  38 

"     3 

7.40 

Average 

■ 

7  82 

Human  blood. 

Case  1 

15 

7 

6.G4 

"     2 

8.92 

"     3 

8.12 

"     4 

7.82 

"     5 

9.08 

"     6 

8.82 

"     7 

9.06 

"     8 

8.79 

"     0 

8  82 

Average ...    

8.45 

*  For  each  dotcrmination  an  average  of  six  readings  was  taken.      The 
uirknown  was  always  set  at  32. 

From  Table  I  it  will  be  seen  that  three  healthy  oxen   gave 
an  average  of  7.82  mg.  of  calcium  per  100  cc.  in  twenty-eight 
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determinations.  The  mean  variation  from  the  average  for  each 
animal  in  no  case  exceeded  0.5  mg.  per  100  cc.  Nine  healthy 
men  gave  an  average  of  8.45  mg.  of  calcimn  per  100  cc.  of  whole 
blood  in  twenty-nine  determinations. 

The  limits  of  variation  of  blood  calcium  in  normal  individuals 
are  marked,  as  is  shown  in  the  two  men,  Cases  1  and  2.  Lyman^ 
found  the  same  variations  in  normal  individuals,  which  he  was 
unable  to  explain.  Determinations  of  the  number  of  corpuscles 
and  of  the  specific  gravity  of  the  blood  might  aid  in  clearing  up 
.  this  point  by  giving  an  idea  of  the  concentration. 

TABLE  II. 

Calcium  Content  of  Normal  Serum  and  of  Serum  from  Defibrinaled  Blood 

in  Ox  and  Man,  Mg.  per  100  Cc. 


Serum. 


Ox  1,  undefibrinated*. 
"  1,  defibrinatedt . . . 
"  2,  undefibrinated . . 
"  2.  defibrinated  ... 


Average 


Man  (Case  2),  undefibrinated 
(    "     2).  defibrinated... 


« 


Average 


No.  of  determi- 
n«tioB8. 

Calcium. 

mg. 

12 

8.05 

7 

8.42 

5 

9.13 

3 

9.08 

8.67 

4 

12.07 

3 

12.08 

12.07 


*  Blood  allowed  to  clot  and  serum  pipetted  off. 
t  Fibrin  removed  at  once  by  defibrination. 

From  Table  II  it  will  be  seen  that  two  healthy  oxen  show  an 
average  calcium  content  of  8.67  mg.  of  calcium  per  100  cc.  of 
blood  serum  in  twenty-seven  determinations. 

One  healthy  man  gave  an  average  calcium  content  of  12.07 
mg.  per  100  cc.  of  blood  serum  in  seven  determinations.  It  is  of 
interest  to  recall  that  this  man's  whole  blood  calcium  content  was 
also  high  (8.9  mg.). 

It  will  be  seen  that  defibrination  of  the  blood  makes  no  differ- 
ence in  the  calcium  content  of  the  serum.  This  also  proves  that 
if  calcium  adheres  to  the  fibrin  there  is  no  further  increase  in  the 
amount  adhering  after  the  initial  formation  of  the  fibrin  threads. 
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The  number  of  readings  on  the  corpuscles  (Table  III)  would  be 
inadequate  if  an  attempt  were  being  made  to  determine  the  amount 
of  calcium  actually  in  the  corpuscle  itself.  But,  since  the  deter- 
minations show  that  the  corpuscles  constantly  contain  calcium 
but  in  lower  concentration  than  the  plasma,  we  must  consider 

TABLE  III. 

Calcium  Content  of  Washed  and  Unwashed  Defibrinated  Blood  Corpuscles  in 

Ox  and  Man,  Mg.  per  100  Cc. 


• 

No.  of  determi- 
nationa. 

Calcium. 

Ox  2,  unwashed  blood  corpuscles 

8 
4 
8 
4 

mg. 
4.98 

"  2,  washed          "              " 

2  07 

Man,*  unwashed    "              "         

4.26 

"     washed        "              "         

3.47 

•  Case  2. 


TABLE  IV. 
Calcium  Partition  or  Distribution  in  Ox  Blood  and  in  Human  Blood. 


Portion  of  blood  taken. 

Mg.of  CainlOOcc. 

Ox. 

Man. 

Whole  blood 

7.82 

8.67 
2.07 
4.98 

8.45 

Serum    from    defibrinated    and   undefibrinated 
blood 

12.07 

Washed  corpuscles  from  defibrinated  blood 

Unwashed  corpuscles  from  undefibrinated  blood. 

3.47 
4.26 

that  the  corpuscle  calcium  content  aflfects  the  total  amount  of 
calcium  in  the  circulation.  To  facilitate  comparison  Table  IV  is 
presented. 


CONCLUSION. 


The  red  blood  corpuscles  contain  calcium,  but  in  a  somewhat 
smaller  concentration  than  the  serum. 


NOTE   ON  THE   STABILIZATION   OF   DILUTE   SODIUM 
HYPOCHLORITE  SOLUTIONS  (DAKIN'S  SOLUTION). 

By  GLENN  E.  CULLEN  and  ROGER  S.  HUBBARD. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  January  22,  1919.) 

The  preparation  of  dilute  sodium  hypochlorite  solutions  electro- 
lytically  is  so  economical  and  convenient  that  it  was  desirable  to 
determine  a  simple  method  of  stabilizing  it  for  use  as  Dakin's 
solution. 

We  have  compared  the  influence  of  various  substances  on  the 
rate  of  decomposition  of  dilute  sodium  hypochlorite  solutions. 

Dakin^-^  set  the  upper  limit  of  alkalinity  of  clinical  hypochlorite 
solutions  at  the  end-point  of  powdered  phenolphthalein  and  used 
buffer  salts  to  maintain  the  alkalinity  below  this  limit.  He  neu- 
tralized with  boric  acid  the  excess  alkalinity  of  the  filtrate  from 
the  sodium  carbonate  and  bleaching  powder.  The  original  Dakin's 
solution,  therefore,  contained  both  carbonate  and  borate  buffers. 
Daufresne*  modified  Dakin's.  method  by  substituting  sodium 
bicarbonate  for  the  boric  acid.  The  resulting  solution  contained 
only  carbonate  buffers. 

Cullen  and  Austin,*  studying  the  alkalinity  of  dilute  sodium 
hypochlorite  solutions  containing  carbonates,  found  that  the  end- 
point  with  powdered  phenolphthalein  was  at  a  hydrogen  ion  con- 
centration of  about  10"^®  N  (pH  10),  and  that  a  reduction  of  the 
alkalinity  below  a  pH  of  9  made  the  solution  too  unstable  to  be  of 
clinical  use.  The  alkalinity  of  Dakin's  solution,  therefore,  must 
be  between  100  and  1,000  times  that  of  water.  The  lower  limit  of 
alkalinity  may  be  approximately  detected  by  the  use  of  alcoholic 
solution  of  phenolphthalein  or  o-cresolphthalein.    The  desirability 

'  Dakin,  H.  D.,  Brit.  Med.  J.,  1915,  ii,  318. 

*  Dakin,  H.  D.,  and  Dunham,  E.  K.,  Handbook  of  Mntiseptics,  New 
York,  2nd  edition,  1918,  116. 

*  Daufresne,  M.,  Presse  mid.,  1916,  xxiv,  474. 

*  Cullen,  G.  E.,  and  Austin,  J.  H.,  /.  Biol.  Chem.,  IJIS,  xxxiv,  553. 
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of  maintaining  the  alkalinity  within  this  zone  has  been  further 
emphasized  by  the  observation  that  dilute  hypochlorite  solutions 
with  an  alkalinity  less  than  indicated  by  a  pH  of  9,  as  well  as  those 
with  an  alkalinity  greater  than  indicated  by  a  pH  of  10,  are  much 
more  irritating  than  those  with  a  pH  between  9  and  10  (Cullen 
and  Taylor).* 

Daufresne  has  stabilized  electrol>iic  sodium  hypochlorite  solu- 
tions by  the  use  of  small  amounts  of  NaOH.'  Although  such  solu- 
tions, unlike  those  originally  described  by  Dakin,  contain  no  buffer 
salts,  they  nevertheless  conform  to  his  requirements  in  concentra- 
tion and  alkalinity,  and,  therefore,  it  appears  justified  to  call  them 
Dakin's  solutions. 

EXPERIMENTAL. 

The  following  substances  were  tested : 

Borates. — Since  Dakin  used  the  highly  efficient  buffer  action  of 
borates,  it  was  logical  to  test  the  stabilizing  influence  of  borates 
on  electrolytically  prepared  godium  hypochlorite  solutions.  For- 
tunately, the  addition  of  borax  (Na2B4O7.10H2O)  so  adjusted 
the  reaction  that  there  was  no  color  to  powdered  phenolphthalein,  but 
definite  color  with  alcoholic  phenolphthalein  or  o-cresolphthalein. 
Borax  was  added  in  a  concentration  of  from  0.25  to  1.5  per  cent. 

Carbonates, — Three  sets  of  carbonate  and  bicarbonate  mixtures, 
having  pH  values  of  10,  9.5,  and  9  respectively,  were  prepared  and 
added  to  the  test  solution  in  concentrations  of  0.5,  1,  and  1.5  per 
cent.  McCoy's^  fonnula  was  used  in  calculating  the  ratio  of  car- 
bonate to  bicarbonate. 

XaHCOi  O.S 

NajCO,     "  ^«  ^  6.0  X  10-" 
that  is,  for  pH  of  10.0    1  molecule  NajCOi  to    1.3  molecules  NaHCOi 
"    "    9.5    1        **  *'  "    4.2 

*  Cullen,  G.  E.,  and  Taylor,  H.  D.,  J.  Exp.  Med.,  1918,  xxviii,  681. 

*  Personal  communication.  Daufresne  adds  NaOH  to  the  solution  in 
the  proportion  of  0.2  gm.  of  NaOH  to  5  gm.  of  NaOCl;  i.e.,  if  he  prepared 
a  1  per  cent  XaOCl  solution  he  would  add  0.4  gm.  per  liter.  This  solution 
keeps  for  months.  He  uses  a  special  cell  with  platinum  and  silver  elec- 
trodes and  probably  has  much  less  secondary  decomposition  produced  with 
this  cell. 

'  McCoy,  H.  N.,  Am.  Chan.  J.,  1903,  xxix,  437. 
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Na2C03  alone,  of  course,  makes  the  solution  too  alkaline,  and 
NaHCOs  alone  accelerates  the  rate  of  decomposition  by  greatly 
reducing  the  alkalinity. 

In  order  to  determine  the  pH  of  the  hypochlorite  solutions  after 
the  addition  of  carbonate,  10  cc.  samples  were  decomposed  with 
hydrogen  peroxide  and  titrated  with  0.1  n  HCl  to  methyl  orange 
and  phenolphthalein.  As  shown  in  Table  I  the  pH  of  the  hypo- 
chlorite solutions  after  the  addition  of  1  per  cent  carbonate  is 
about  0.2  pH  less  than  calculated  for  the  ratio  of  sodium  carbonate 
and  bicarbonate  added. 

With  impure  sodium  chloride  or  with  water  of  high  calcium  or 
magnesium  content  a  rather  heavy  cloud  will  form  in  the  solution 
after  the  addition  of  carbonate.  This  will  settle  out  on  standing 
or  may  be  removed  by  filtration. 

TABLE  I. 

1  Per  Cent  NaOCl  Made  from  8  Per  Cent  NaCl  Diluted  to  0.5  Per  Cent  NaOCl 
mth  2  Per  Cent  Carbonate  Solution  and  Water. 


pll  of  3  per  cent  carbonate 
solution. 


10 

10 
10 

10 

9.9 
9.9 
9.9 
9.9 

9.6 
9  6 


Carbonate. 

Final  pH  of  hypochlorite 

Final  concentration. 

solution. 

per  cent 

0.25 

8.9 

0.5 

9.5 

0.75 

9.7 

1.0 

9.8 

0.25 

8.7 

0.5 

9.2 

0.75 

9.6 

1.0 

9.7 

0.5 

8.8 

1  0 

9.4 

Sodium  Hydroxide, — NaOH  was  added  to  the  solution  in 
amoimts  from  0.15  to  0.3  gm.  pw  liter.  Over  0.03  per  cent  makes 
the  solution  too  alkaline;  that  is,  it  gives  color  with  powdered 
phenolphthalein. 

These  substances  were  tested  in  two  ways:  First,  current  was 
passed  through  an  electrolytic  cell,  filled  with  brine,  just  long 
enough  to  produce  0.5  per  cent  NaOCl.     The  solution  was  with- 
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drawn  from  the  cell,  thoroughly  mixed,  and  measured  portions 
were  placed  in  dark  brown  bottles  containing  the  desired  quantity 
of  hj'droxide  or  buffer.  Second,  the  current  was  passed  imtil  the 
NaOCl  was  about  0.7  to  0.8  per  cent,  that  is,  near  the  crest  of  the 
curve."  The  solution  was  then  removed  and  diluted  to  0.5  per  cent 
with  water.  In  this  case  the  stabilizing  substances  were  added  in 
concentrated  solutions.  With  this  procedure  more  secondary  prod- 
ucts are  formed  (see  following  paper),  the  solutions  are  more 
unstable,  and  the  test,  therefore,  more  severe. 

Several  experiments  were  run  under  varying  conditions.  In 
some  the  solutions  were  kept  in  brown  bottles;  in  others  they  were 
exposed  to  light  to  accelerate  decomposition. 

Two  representative  experiments  are  given  in  Tables  II  and  III. 
Any  change  in  the  alkalinity  of  these  solutions  during  the  period 
of  the  experiments  was  within  the  range  of  alkalinity  indicated 
by  the  end-points  of  alcoholic  and  powdered  phenolphthalein  and 
o-cresolphthalein. 


TABLE  II. 


JO  Liters  of  S  Per  Cent  XaCl.     110   Volts.     14  to  16  Amperes. 
Temperature  /S**C.     IS  Minutes.    SaOCl^O.5  Per  Cent. 


Initial 


Treatment  of  solution. 

Sodium  hypochlorite 
concentration. 

Substance. 

Initi&l. 

After  7  d«>-s  in 
brown  bottle. 

Control 

ptr  cent 

0.5 
0 .  25 

0.3 
0.2 
0.015 

.      1.0 
1.0 
10 

0.5 

0.5 
0.5 

0.5 
0.5 
0.5 

0.5 
C.5 
0.5 

0.35 

Borax  .  . 

0.4S 
0.465 

XaOH  .  . 

0.49 

>  i 

0.46 

t  * 

0.42 

pH  10  ca 
•*  0.5 

irhonato 

0.49 
0.45 

••  0 

«  * 

0.41 

*CulIen.  G.  K.,  and  Hubbard,  R.  S.,  J.Biol.  Chem.,  1919,  xxxvii,  519, 
Fig  2.  Curve  C. 
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It  is  evident  from  our  experiments  that  0.2  to  0.3  gm.  per  liter  of 
sodium  hydroxide,  borax  in  concentration  of  0.25  per  cent  up,  car- 
bonate mixture  of  pH  10  from  0.5  per  cent  up,  and  carbonate 
mixture  of  pH  9.5  from  1.0  per  cent  up,  maintain  dilute  NaOCl 
solution  within  the  requirements  of  Dakin's  solution  for  at  least  a 
week.  The  pH  9  carbonate  mixture  allows  somewhat  more  rapid 
decomposition.  If  sodium  hydroxide  is  used,  care  must  be  taken 
that  the  amount  is  accurately  measured,  or  the  alkalinity  may  be 
made  dangerously  high.  The  use  of  borax  combines  a  maximum 
of  convenience  and  safety. 

TABLE  III. 


10  Liters  of  S  Per  Cent  NaCl.    110  Volts.    BO  Minutes.     Initial  Temperature 
T'^C.    0.75  Per  Cent  NaOCl  Diluted  to  0.50  Per  Cent. 

Treatment  of  solution. 

Sodium  hypochlorite 
concentration. 

Subetanee. 

Initial. 

After  7  days  in 

colorless 

bottle. 

After  26  days  in 
brown  bottle. 

Control 

per  cent 

1.5 
1.0 
0.5 

0.03 
0.02 
0.015 

1.5 
1.0 
0.5 
1.5 
1.0 
0.5 

0.5 

0.5 
0.5 
0.5 

0.5 
0.5 
0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.5 

0.29 
0.48 

0.48 
0.47 

0.49 
0.48 
0.42 

0.49 

0.45 

0.09 

Borax 

0.50 

<< 

0.45 

^^ 

0.41 

NaOH 

0.48 

^^ 

tt 

0.23 

pH  10  carbonate 

**    10         *'        

**    10         '*        

'*    9.5        "         

"9.5        "         

0.49 
0.48 
0..47 
0.48 
0.47 
0.43 

DISCUSSION. 


The  solvent  action  of  the  sodium  hypochlorite  solution  is  an  es- 
sential factor  in  its  germicidal  efficiency.  The  necrotic  tissue,  pus, 
etc.,  that  protect  the  bacteria  from  many  antiseptics  are  dissolved 
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away  by  the  hypochlorite  solution.  Fiessinger  and  his  coworkers 
have  attributed  this  solvent  action  mainly  to  the  alkalinity  of  the  so- 
lution ,  but  Taylor  and  Austin*  have  shown  that  within  the  zone  pH  9 
to  pH  10  the  solvent  action  is  primarily  due  to  the  hypochlorite. 
However,  when  no  alkali  was  added  to  the  hypochlorite  solution 
and  the  alkalinity  was  due  entirely  to  the  dissociation  of  sodium 
hypochlorite,  solvent  action  ceased  when  the  hypochlorite  concen- 
tration was  reduced  below  0.2  per  cent. 

Solution  of  the  protein  material  probably  takes  place  in  two 
steps:  first,  the  chlorination  of  the  protein,  and  second,  the  forma- 
tion of  soluble  sodium  salts  of  the  chlormated  proteins.  The 
chlorination  of  the  protein,  as  indicated  by  the  rate  of  the  decom- 
position of  the  hypochlorite  solution,  is  rapid  when  large  amounts 
of  pus  and  necrotic  tissue  are  present,  and  the  initial  0.5  per  cent 
concentration  is  maintained  in  the  wound  for  only  a  few  minutes. 
When  the  alkalinity  is  maintained  by  buffer  salts,  the  solvent 
action  occurs  not  only  during  this  period  but  presumably  until  all 
the  products  capable  of  reacting  are  changed  to  the  soluble  sodium 
salts.  When  the  alkalinity  is  due  to  small  quantities  of  free 
alkali,  as  sodium  hydroxide,  the  concentration  of  alkali  should  be 
sufficient  to  maintain  the  alkaline  reaction  long  enough  for  efficient 
solvent  action.  On  the  other  hand,  the  concentration  must  not  be 
so  great  that  free  alkali  remaining  unneutralized  in  the  wound  is 
sufficient  to  cause  irritation.  The  concentration  used  by  Daufresne 
— 0.2  to  0.3  gm.  per  liter — seems  to  satisfy  these  conditions.  Ex- 
perience at  the  War  Demonstration  Hospital  of  The  Rockefeller 
Institute  has  not  yielded  clinical  evidence  to  warrant  choosing 
between  the  two  types  of  hypochlorite  solutions  provided  they  con- 
form to  Dakin's  conditions  of  hypochlorite  concentration  and 
alkalinity. 

SUMMARY. 

There  are  two  methods  of  applying  Dakin's  principle  of  low 
alkalinity:  first,  by  maintaining  the  alkalinity  at  a  pH  of  9  to  10  by 
means  of  buffer  salts,  such  as  carbonate  or  borates;  second,  by 
maintaining  a  similar  alkalinity  by  means  of  small  amounts  of 
alkali.    Both  methods  are  efficient. 

"  Taylor,  H.  D.,  and  Austin,  J.  H.,  J.  Exp.,  Med.,  1918,  xxvii,  155. 


k 


G.  E.  CuUen  and  R.  S.  Hubbard  517 

0.5  per  cent  sodium  hypochlorite,  prepared  by  the  electrolysis  of 
sodium  chloride,  may  be  conveniently  stabilized  for  use  as  Dakin's 
solution  by  the  addition  of  0.5  per  cent  borax,  of  0.5  to  1.0  per  cent 
of  carbonate  mixtures  of  pH  10  to  9.5,  or  by  the  addition  of  0.2 
gm.  of  sodium  hydroxide  per  liter  (Daufresne). 


NOTE  ON  THE  ELECTROLYTIC    PREPARATION    OF 
DILUTE  SODIUM  HYPOCHLORITE  SOLUTIONS 

(DAKIN'S  SOLUTION). 

By  GLENN  E.  CULLEN  and  ROGER  S.  HUBBARD. 
(From  Ike  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

m 

(Received  for  publication,  January  22,  1919.) 

Although  the  electrolysis  of  brine  is  an  old  process,  information  in 
regard  to  it  is  scattered  and  hidden  in  the  records  and  patent  litera- 
ture of  industrial  concerns.  Dakin  and  Carlisle^  have  pointed  out 
its  convenience  and  economy  in  preparing  dilute  sodium  hypo- 
chlorite solutions  for  disinfection  purposes  and  have  designed  a 
simple  cell.  In  instructing  army  surgeons  in  the  various  methods 
of  preparing  Dakin's  solution,  it  was  desirable  for  us  to  determine 
for  ourselves  the  factors  that  were  of  practical  importance  in  its 
electrolytic  preparation.  These  results  are  presented  for  the  con- 
venience of  other  workers. 

EXPERIMENTAL. 

Choice  of  Cell — It  seemed  desirable  to  use  a  cell  that  could  be 
connected  with  ordinary  110  volt  current,  that  did  not  require 
unusually  heavy  wiring  or  power,  that  was  light  and  strong  enough 
to  be  transportable  with  other  militaiy  hospital  equipment,  and 
that  was  inexpensive.  The  cell  described  by  Dakin  and  CarlisUj 
answers  these  requirements,  but  we  were  spared  the  labor  of  mak- 
ing this  cell  by  modifying  cells  already  on  the  market  to  our  pur- 
pose. These  cells  are  entirely  similar  to  that  described  by  Dakin 
and  Carlisle,  except  that  the  (electrode  area  is  smaller  in  proportion 
to  the  volume  of  solution.    The  twenty-three  intermediate  (^Icc- 

*  Dakin,  H.  D.,  and  Carlisle,  H.  G.,  /.  Roy.  Army  Med.  Corps,  1916,  xxvi, 
209.  See  also  Dakin.  H.  D.,  and  Dunham,  E.  K.,  Handbook  of  antisep- 
tics, New  York,  2nd  edition,  1918,  116. 
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trodcs  contained  30  square  inches  of  Acheson  graphite.  The  cell' 
used  in  these  experiments  held  10  liters  of  brine  and  required 
between  20  and  35  amperes. 

The  results  are  presented  as  curves,  with  the  omission  of  the 
taMcs  from  which  they  were  derived. 

Influence  of  Temperature. — In  order  to  determiae  the  effect  of  the 
initial  temperature  of  the  solution,  the  current  through  the  cell  was 
maintained  constant  at  20  ampore.s  by  an  external  resistance.'   Ttiis 


35     id      45     M      55     60      65     70 


eliminates  the  influence  of  current  fluctuations  due  to  change 
in  internal  resistance.  Fig,l  shows  the  results  with  initial  tem- 
peratures of  7,  20,  and  39°. 

Infliience  of  Salt  Concentration. — Increase  in  salt  concentration 
will,  of  course,  lessen  the  internal  resbtance  of  the  cell  and  con- 
sequently increase  the  production  of  sodium  hypochlorite  per  unit 

*  This  cell  was  furnished  by  courtesy  of  the  Electro  Chemical  Company  of 
DaytOD,  Ohio. 

'  The  resistance  units  used  to  control  the  lights  ia  thoatera  are  con- 
venient for  this  work. 
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of  time.  The  curves  in  Fig.  2  show  the  production  of  sodium  hypo- 
chlorite with  different  salt  concentrations  under  actual  operating 
conditions,  with  no  external  resistance. 

The  3  per  cent  solution  approximates  sea  water,  and  6  per  cent  is 
the  strength  recommended  by  the  makers.  More  concentrated 
solutions  may,  of  course,  be  used  and  with  them  higher  concen- 
tration of  sodium  hypochlorite  and  increased  current  efficiency 
may  be  obtained. 


Hate  of  Decomposition  of  Electrolytic  Sodium  Hypochlorite. — In 
the  experiments  shown  above  samples  of  solution  were  removed 
from  the  cell  at  each  of  the  points  shown,  titrated,  and  a  portion 
was  set  aside  for  determination  of  stability.  The  solution  became 
increasingly  unstable  with  increase  in  hypochlorite  concentration. 
The  results  obtained  from  Curve  A,  Fig.  1,  run  at  initial  tem- 
perature of  7°,  are  plotted  on  Fig.  3.  This  increased  rate  of 
decomposition  is  due  to  increase  in  secondary  products  rather  than 
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to  the  temperature  at  time  of  sampling,  for  in  one  aeries  in  which 
the  samples  were  all  cooled  to  the  same  temperature  the  results 
were  essentially  similar. 
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DISCUSSIOX. 

It  would  seem  (iosirable  to  construct  from  experimental  runs, 
curves  similar  to  those  of  Figs.  1  and  2,  for  each  cell.  Then,  from 
the  initial  temperature  of  the  solutions,  the  time  required  for  a 
solution  of  given  concentration  may  easily  be  determined.  Care 
should  bo  taken  that  the  cell  is  not  operated  beyond  the  peak  of 
the  production  curve.    Ordinarily  3  per  cent  NaCl  (orsea  water)  is 
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satisfactory,  but  if  necessary  to  operate  with  relatively  warm  solu- 
tion the  salt  concentrations  should  be  increased. 

Since  the  solution,  as  it  comes  from  the  cell,  decomposes  quickly, 
it  must  be  stabilized  for  use  as  Dakin's  solution.  As  detennined  in 
the  preceding  paper,  this  can  best  be  accomplished  by  adding  either 
0.5  per  cent  borax,  or  0.5  to  1.0  per  cent  of  a  mixture  of  carbonate 
and  bicarbonate  of  pH  10  to  9.5,  or  6.02  per  cent  sodium  hydroxide. 

This  solution  must  give  no  color  with  powdered  phenolphthalein 
but  should  give  a  definite  red  flash  with  alcoholic  phenolphthalein 
solution.  It  should  be  protected  from  light  and  should  be  titrated 
frequently. 
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The  investigations  here  described  are  part  of  a  general  study  of 
the  problems  arising  in  connection  with  food  poisoning.  While 
the  cause  of  such  poisonings  is  not  definitely  known,  it  is  often 
associated  with  bacteria  in  spoiling  food.  The  symptoms  of  poi- 
soning are  probably  due  either  to  toxins  produced  in  the  course  of 
the  metabolism  of  the  organisms,  or  to  an  infection  of  the  intesti- 
nal tract.  Whatever  may  be  the  exact  relation  of  bacteria  found 
in  spoiling  food  to  the  illness  caused  by  its  ingestion,  it  would  be 
desirable  to  develop  a  chemical  test  by  means  of  which  the  early 
stages  of  spoilage  could  be  detected.  This  was  one  of  the  objects 
of  the  present  study.  Experimentation  was  limited  to  spoiled 
meat,  this  being  the  food  most  frequently  suspected  of  causing 
poisoning.  Also,  the  experiments  were  conducted  for  the  most 
part  on  samples  inoculated  with  organisms  isolated  from  meat 
thought  to  be  responsible  for  actual  cases  of  poisoning.  The  gen- 
eral method  employed  was  to  study  the  chemical  changes  taking 
place  in  certain  components  of  the  meat  as  a  result  of  the  action  of 
the  selected  organism.  The  components  thus  investigated  in  the 
meat  under  observation  were:  (1)  total  nitrogen,  (2)  non-protein 
nitrogen,  (3)  ammonia  nitrogen,  (4)  total  creatinine  nitrogen 
(creatine  plus  creatinine),  (5)  purine  nitrogen.  Previous  investi- 
gators studied  the  changes  in  meat  in  cold  storage  at  temperatures 
below  and  above  freezing.^  As  a  rule,  the  chemical  constituents 
determined  differed  from  those  determined  in  this  investigation. 

1  Richardson,  W.  D.,  and  Scherubel,  E.  F.,  J.  Am.  Chem.  Soc,  1908,  xxx, 
1515;  J.  Ind.  and  Eng.  Chem.y  1909,  i,  95.  Emmett,  A.  D.,  and  Grindley, 
H.  S.,  ibid.,  413.  Wright,  A.  M.,  J.  Soc.  Chem.  Ind.,  1912,  xxxi,  965.  Hoag- 
land,  R.,  McBryde,  C.  N.,  and  Powick,  W.  C,  U.  S.  Dept.Agric,  BulL4SS, 
1917. 
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Analytical  Methods, 

A  rather  full  description  of  the  methods  used  in  the  estimations 
will  be  given  in  the  following  paragraphs,  both  on  account  of  the 
importance  of  these  methods  to  the  experiments  here  reported  and 
in  view  of  the  fact  that  they  may  have  an  interest  of  their  own. 

In  outline  the  procedure  adopted  was  as  follows:  On  a  small 
portion  of  each  lot  of  meat  in  which  spoilage  was  investigated,  the 
total  nitrogen  and  ammonia  nitrogen  were  first  determined.  The 
protein  substances  were  then  coagulated  in  a  large  sample  of  the 
meat  and  the  non-protein  substances  separated  from  the  coagulum 
by  washing  with  water.  Upon  the  water  solution  of  the  non-pro- 
tein substances  thus  separated,  determinations  were  made  of 
nitrogen,  purine  nitrogen,  total  creatinine  nitrogen,  and  ammonia 
nitrogen.  It  may  be  noted  at  this  point  that  the  difficulties  en- 
countered in  applying  methods  already  worked  out  arose  as  a  con- 
sequence of  the  chemical  and  physical  nature  of  the  decomposed 
meat.  This  rendered  necessary  certain  minor  changes  in  the 
analytical  methods  originally  designed  for  the  fresh  product. 

Total  Nitrogen. — Total  nitrogen  was  determined  directly  on  a  1 
gm.  sample  of  the  meat  by  the  Kjeldahl-Amold-Gunning  method. 

Ammonia,  (a)  In  meat. — 1  to  3  gm.  of  uniformly  hashed  meat 
were  weighed,  placed  in  a  large  test-tube  (8"'  X  I"'),  treated  with 
5  to  15  cc.  of  water,  enough  c.p.  sodium  chloride  to  form  a  satu- 
rated solution,  and  1.2  cc.  of  10  per  cent  sodium  hydroxide  solution, 
and  aerated  for  2  to  3  hours  into  10  cc.  of  0.1  to  0.01  n  acid^  the 
amount  of  acid  depending  upon  the  amount  of  ammonia  present. 
The  excess  acid  was  titrated  with  standard  alkali,  using  a  mixture 
of  methyl  red  and  methylene  blue  as  indicator.* 

(6)  In  Filtrates  containing  Non-Protein  Nitrogen. — 25  to  40  cc. 
of  the  filtrate  were  treated  with  sufficient  sodium  chloride  to  form 
a  saturated  solution,  1.2  to  1.5  cc.  of  10  percent  sodium  hydroxide 
solution  were  added,  and  the  mixture  was  aerated  as  in  meat. 

Separation  of  Protein  from  Non-Protein  Constituents. — This 
proved  to  be  the  most  difficult  part  of  the  investigation.     As 

-  The  use  of  this  indicator  mixture  was  suggested  by  Dr.  E.  M.  Frankel 
who  stated  that  it  was  devised  by  Professor  Alonzo  E.  Taylor  and  Major 
Caspar  W.  Miller.  It  gives  an  exceedingly  sharp  color  change  with  0.  OIn 
reagents. 
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noted  above  a  number  of  methods  previously  worked  out  for  fresh 
meat  were  tried  and  while  suitable  for  that,  proved  unsuccessful 
when  applied  to  decomposed  meat.  The  method  which  yielded 
the  most  satisfactory  results  and  which  was  finally  adopted  con- 
sisted in  the  coagulation  of  the  proteins  by  means  of  heat  in  the 
preisence  of  alumina  cream.  The  only  difficulties  encountered  in 
the  use  of  this  method  were  the  loss  of  ammonia  during  the  process 
of  heating  and  the  diflSculty  of  Washing  the  large  mass  of  coagulum 
and  alumina  cream  free  of  the  non-protein  substances.  The  first  of 
these  was  overcome  by  testing  a  sample  of  the  meat  for  ammonia 
before  coagulating  the  protein,  while  thorough  washing  of  the 
coagulum  according  to  the  technique  given  below  served  to  ^void 
the  second.  The  sample  of  meat  (125  gm.)  was  first  finely  hashed 
and  added  to  400  cc.  of  boiUng  water  in  an  aluminium  pan  with  a 
lip.  The  meat  was  broken  up  by  boiling  from  1  to  4  minutes,  and 
when  fresh  meat  was  used,  about  100  cc.  of  alumina  cream  were 
then  added.  (The  alumina  cream  was  prepared  by  boiling  in  an 
open  pail  a  solution  of  filtered  8  per  cent  aluminium  acetate  di- 
luted with  about  six  times  its  volume  of  water  for  8  to  12  hours, 
the  water  being  replaced  as  evaporation  occurred.  The  suspen- 
sion was  then  filtered  through  canvas  bags.  This  method,  sug- 
gested by  Dr.  Frankel,  is  satisfactory  and  applicable  on  a  large' 
scale.)  In  badly  decomposed  meat,  250  cc.  of  alumina  cream  were 
necessary,  while  meat  in  intermediate  stages  of  decomposition  was 
treated  with  an  amount  of  alumina  cream  between  these  two  lim- 
its. After  the  addition  of  the  alumina  cream,  the  mixture  was 
again  brought  to  the  boiling  point,  stirred,  heating  continued  for 
another  half  minute,  and  the  mass  then  filtered  through  a  large 
filter  paper  (15  inches).  If  the  coagulation  has  been  properly  car- 
ried out,  a  clear,  faintly  yellow  filtrate  is  obtained.  The  mixture 
was  allowed  to  drain  completely  and  the  contents  of  the  filter  paper 
were  very  carefully  returned  to  the  aluminium  pan  by  means  of  a 
porcelain  spoon.  The  meat,  whichi  had  clumped  together  during 
the  coagulation,  was  broken  apart  with  the  spoon  into  small  bits. 
About  300  cc.  of  water  were  added  to  the  coagulum  in  the  pan,  the 
mixture  was  brought  to  a  boil,  and  filtered  as  before.  This  wash- 
ing and  scooping  out  was  repeated  three  times,  making  four  wash- 
ings in  all.  Finally,  the  filter  paper  and  contents  were  washed 
once  with  about  100  cc.  of  hot  water  and  the  filtrate  and  washings 
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made  up  to  3,000  cc.  As  the  meat  decomposed,  it  became  more 
difficult  to  remove  protein  hydrolysis  products  and  it  was  neces- 
sary to  add  a  little  alumina  cream  with  each  boiling.  The  meat 
also  became  very  rubbery.  If  a  perfectly  clear  filtrate  was  not 
obtained,  the  filtrate  had  to  be  brought  to  a  boil  and  more  alumina 
cream  used. 

In  preliminary  experiments,  the  coagulation  of  the  protein  was 
also  accomplished  by  colloidal  ferric  hydroxide  and  magnesium  sul- 
fate. This  method  was  used  upon  water  extracts  of  the  meat;  the 
procedure  was  carried  out  in  two  ways.  In  the  first,  the  hydrox- 
ide and  the  magnesium  sulfate  acted  upon  an  extract  from  which 
the  particles  of  meat  were  not  removed.  In  the  second  case,  the 
reagents  were  allowed  to  act  upon  the  extract  after  straining  out 
the  meat  particles.  The  procedm^  finally  adopted,  however,  was 
the  one  described  in  detail  above,  since  it  was  found  that  by  this 
means  the  best  separation  of  protein  from  non-protein  material  was 
accomplished. 

Creatine  plus  Creatinine, — Creatine  plus  creatinine'*  was  de- 
termined as  follows,  on  a  portion  of  the  non-protein  nkrogen  filtrate 
equivalent  to  1  to  2  gm.  of  meat:  5  cc.  of  normal  hydrochloric 
acid  solution  were  added  to  the  portion  of  the  filtrate  and  the  solu- 
tion was  evaporated  to  about  2  cc.  in  a  50  cc.  conical  flask  on  an 
electric  stove.  The  flask  was  then  covered  with  a  watch-glass  and 
heated  on  low  heat  on  the  electric  plate  for  4  to  5  hours  to  convert 
the  creatine  into  creatinine  at  a  temperature  just  below  boiling. 
When  cool,  the  acid  was  neutralized  by  a  10  per  cent  solution  of 
sodium  hydroxide,  with  one  drop  of  a  0.1  per  cent  methyl  red  solu- 
tion as  indicator.  Immediately  upon  neutralization,  15  cc.  of  a 
pure  saturated  picric  acid  solution  and  3  cc.  of  10  per  cent  sodium 
hydroxide  solution  were  added.  The  solution  was  then  allowed  to 
stand  10  minutes  to  permit  the  color  to  develop,  diluted,  and 
compared  in  a  colorimeter  with  a  standard  creatinine  zinc  chloride 
solution. 

Purine  Nitrogen, — Purine  nitrogen^  was  determined  in  the  fol- 
lowing manner:  About  two-thirds  to  three-fourths  of  the  entire 

3  Janney,  X.  W.,  and  Blathcrwick,  X.  R.,  J.  Biol.  Chem.y  1915,  xxi,  567. 
*  Greenwald,  I.,  and  McGuirc,  G.,  J.  Biol.  Chem.,  1918,  xxxiv,  107. 
^  Modification  of  the  method  of  Kriigcr  and  Sehmid,  Z.  physiol.  Chem., 
1905,  xlv,  1. 
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filtrate  (usually  2,000  cc.)  was  first  evaporated  to  50  cc.  under 
diminished  pressure  (temperature  40-45°).  If  necessary,  caprylic 
alcohol  was  added  from  time  to  time  to  prevent  frothing  during 
this  evaporation.  The  concentrated  solution  was  carefully  washed 
into  a  250  cc.  beaker,  the  final  volume  being  made  up  to  100  to 
150  cc,  and  the  purines  precipitated  as  the  silver  magnesium  com- 
pounds. The  precipitation  was  accomplished  by  first  making  the 
solution  distinctly  alkaline  with  anunonium  hydroxide.  10  cc.  of 
an  ammoniacal  silver  nitrate  solution  were  then  added,  this  solu- 
tion being  prepared  by  dissolving  26  gm.  of  silver  nitrate  in  a 
liter  of  water  and  adding  ammonium  hydroxide  until  the  precipi- 
tated silver  hydroxide  redissolved.  10  cc.  of  a  6  per  cent  disodium 
phosphate  solution  were  added  at  this  point,  and  finally  5  cc.  of  an 
ammoniacal  magnesia  mixture  solution  (100  gm.  of  magnesium 
chloride,  200  gm.  of  ammonium  chloride,  in  1  liter  of  water  with 
the  addition  of  ammonium  hydroxide  until  an  excess  of  ammonia 
was  present).  Thorough  stirring  accompanied  the  addition  of  each 
reagent.  The  solution  was  allowed  to  stand  2  hours,  filtered  on  a 
fluted  paper,  the  precipitate  washed  four  times  with  a  little  cold 
distilled  water,  and  then  washed  back  into  the  beaker  in  which 
the  precipitation  had  been  made.  The  precipitate,  consisting  of 
silver-magnesium  purine  compounds,  was  then  decomposed  by 
adding  10  to  15  cc.  of  10  per  cent  hydrochloric  acid  solution  and 
allowing  to  stand  in  the  dark  over  night.  The  purine  hydrochlor- 
ides resulting  were  filtered  into  a  liter  round-bottomed  flask,  with 
several  bits  of  cracked  porcelain,  made  slightly  alkaline  with  sodi- 
um hydroxide,  then  distinctly  acid  with  acetic  acid  and  10  to  15 
cc.  of  10  per  cent  acetic  acid  solution  added  in  excess.  The  solu- 
tion was  then  brought  to  a  boil,  and  10  cc.  of  a  40  per  cent  sodium 
bisulfite  solution  and  10  cc.  of  a  10  per  cent  copper  sulfate  solution 
successively  were  added.  A  white  precipitate  formed  which  be- 
came brown  on  boiling.  The  boiUng  was  continued  3  to  5  min- 
utes. The  copper  purine  compounds  were  filtered  while  very 
hot  on  a  fluted  paper  and  washed  thoroughly  with  hot  water. 
The  precipitate  was  then  washed  into  a  Rjeldahl  flask  and  the 
nitrogen  determined  by  the  usual  Kjeldahl  procedure.  It  was 
necessary  to  add  only  15  cc.  of  sulfuric  acid;  no  potassium  sulfate 
was  needed  as  digestion  proceeded  rapidly.  This  method,  pro- 
viding two  precipitations,  the  first  in  alkaline  and  the  second  in 
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acid  solution,  gives  pure  compounds  upon  which  to  determine  the 
nitrogen.  Experiments  were  made  to  determine  whether,  emplo}'- 
ing  the  above  procedure,  added  purines  could  be  recovered  quanti- 
tatively when  allowed  to  soak  up  in  meat,  and  it  was  found  that 
the  method  gave  correct  results  when  purines  were  thus  added. 

Total  Nitrogen  of  Filtrate. — This  was  determined  on  a  50  cc. 
portion  of  the  filtrate  by  the  Kjeldahl-Arnold-Gunning  method. 

Experiments  on  Meat  and  Meat  Extracts. 

The  preliminary  experiments  made  on  meat,  using  the  methods 
described,  gave  the  results  shown  in  Table  I.  In  these  preliminary 
experiments,  lean  meat  was  hashed  and  allowed  to  decompose 
43pontaneously.     Each  day,  after  proper  mixi/ig.  a  sample  was  re- 


TABLE  1. 
Analyses  of  Fresh  and  Decomptmng  Meat. 


Dale. 


Nitrogen  percentages  of  meat. 


Total  N. 


NH,-N 

in  meat. 


Non-pro- 
tein N. 


NH»-N 

in  filtrate. 


Creatine 
plus  creat- 
inine N. 


Purine  N. 


Series  A.    Temperature  2-5**C. 


)e€ 

;.    4 

it 

5 

n 

6 

il 

8 

it 

10 

it 

13 

1917 


0.36 

0.015 

0.12 

0.36 

0.017 

0.12 

ro.3o 

0.016 

0.10 

\0.34 

0.015 

0.12 

0.35 

0.020 

0.12 

0.31 

0.025 

0.12 

0.29 

0.055 

0.12 

Series  B.     Temperature  15**C. 


Feb.  11, 

13. 

15 

10 

17, 

18 

19 

2() 

21 


1918 


3.66 

0.012 

0.43 

0.009 

0.12 

0.025 

0.42 

0.030 

0.11 

0.043 

0.41 

0.049 

0.13 

« 

0.052 

0.40 

0.059 

0.13 

0.064 

0.42 

0.070 

0.13 

0.077 

0.48 

0.081 

0.14 

0.09S 

0.44 

0.094 

0.14 

0.127 

0 .  42 

0.11 

0.14 

3 .  .SO 

O.HK) 

0.44 

0.13 

0.13 

0.027 
0.0-28 
0.030 
0.028 
0.029 
0.030 
0.0*29 
0.0-25 
0.0-20 
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moved  from  the  mass  for  analysis.  The  results  given  in  the  table 
are  expressed  as  percentages  of  the  total  weight  of  the  meat. 
Two  series  of  experiments  were  conducted,  Series  A  at  a  compara- 
tively low  temperature  and  Series  B  at  a  higher  temperature. 

Owing  to  the  extreme  difficulty,  if  not  impossibility,  of  working 
with  sterile  meat,  it  was  decided  at  this  stage  of  the  investigation 
to  ernploy  meat  extracts  for  all  further  work.  This  procedure  was 
thought  to  be  justified  in  view  of  the  fact  that  the  extracts,  as 
prepared  in  these  studies,  contained  all  the  substances  present  in 
the  meat  except  the  insoluble  proteins  and  the  lipins.  Extracts 
were  accordingly  prepared  from  lean  chilled  beef,  secured  24  to  48 
hours  after  the  animal  had  been  slaughtered.  The  sample  of  beef 
was  hashed  and  steeped  with  an  equal  volume  of  water  over  night. 
The  extract  was  squeezed  through  cheese-cloth  the  following  day 
and,  in  order  to  render  it  approximately  sterile,  hydrochloric  acid 
was  added  until  the  hydrogen  ion  concentration  was  between  10~^ 
and  10~^N.  The  acidified  liquid  was  then  allowed  to  stand  for  1 
or  2  hours.  Bacterial  cultures  on  agar  plates  showed  that  such  a 
medium  was  fairly  effective  for  killing  off  most  of  the  microorgan- 
isms, the  counts  varying  from  5  to  20  per  cc.  Before  inoculating 
with  test  organisms,  the  acid  extract  was  made  alkaline  with 
sodium  hydroxide.  A  voluminous  precipitate  of  acid  protein  was 
produced  by  the  hydroxide.  Addition  of  alkali  was  continued 
until  the  hydrogen  ion  concentration  was  between  10~*  *  and  10~^ 
N.  The  extract  was  then  diluted  with  sterile  water  to  bring  the 
concentration  of  sod^ium  chloride  to  about  0.6  to  0.7  per  cent. 

This  extract  was  transferred  to  flasks,  with  the  customary  asep- 
tic precautions,  approximately  the  same  amount  being  introduced 
into  each  flask.  The  contents  of  the  flasks  were  inoculated  with 
10  cc.  each  of  a  broth  culture  having  a  rich  growth  of  the  test  or- 
ganism. At  intervals,  usually  once  a  day,  a  complete  analysis 
was  made  on  the  contents  of  each  flask  by  the  methods  already  de- 
scribed. At  the  end  of  the  experiments,  a  drop  of  the  extract  was 
in  every  case  found  to  be  teeming  with  the  organism  studied.  No 
evidence  of  contamination  was  obtained.  Presumably,  the  or- 
ganism used  for  inoculation  was  numerically  so  much  greater 
than  the  few  in  the  extract  before  inoculation  that  the  latter  were 
killed  off.  For  all  practical  purposes,  therefore,  the  effects  noted 
in  these  studies  were  those  of  a  pure  culture.     In  order  to  follow 
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the  changes  produced  in  the  meat  extracts,  cultures  were  kept  at 
room  temperature  (15-25°),  although  the  optimum  temperature 
for  the  growth  of  the  organisms  studied  is  38°. 

TABLE  II. 
Action  of  Bacillus  proteus  on  Meat  Extract. 

Expcritnent  A. 


Total  N 

Ammonia  N 

Non-protein  N 

"  "  minus 

NH,-N 

Ki  plus  K|N 

Purine  N 

Residual  non-protein  N 


Gm.  per  liter. 


Mar. 
26 


0.024 
0.499 

0.475 
0.145 
0.034 
0.296 


Mar. 
28 


1.06 

0.027 

0.487 

0.460 
0.139 
0.038 
0.283 


Mar. 
29 


1.04 
0.015 

0.469 

0.454 
0.142 
0.033 
0.279 


Apr. 
1 


0.030 
0.478 

0.448 
0.139 
0.036 
0.273 


Ajr. 


0.031 
0.444 

0.413 
0.136 
0.036 
0.241 


Apr. 
3 


0.040 
0.509 

0.469 
0.131 
0.029 
0.309 


Apr. 

4 


0.046 
0.485 

0.439 
0.131 
0.028 
0.280 


Apr, 
5 


0.056 
0.490 

0.434 
0.124 
0.022 
0.288 


TABLE  III. 
Action  of  Bacillus  proteus  on  Meat  Extract. 

Experiment  B. 


Total  N 

Ammonia  N 

Non-protein  N 

"  "  minus 

NHi-N 

K,  plusKiN 

Purine  N 

Residual  non-protein  N.. 


Gm.  per  liter. 


Mar. 

2t 


0.026 
0.513 

0.487 
0.129 
0.035 
0.323 


Mar. 

28 


1.06 

0.025 

0.501 

0.476 
0.142 
0.037 
0.297 


Mar. 
20 


1.06 

0.017 

0.481 

0.464 
0.139 
0.036 
0.289 


Apr. 
1 


0.463 
0.139 
0.035 
0.289 


Apr. 
2 


0.031 
0.476 

0.445 
0.139 
0.037 
0.269 


Apr. 

4 


0.044 
0.497 

0.453 
0.131 
0.028 
0.294 


Apr. 
5 


0.051 

0.488 

0.437 
0.124 
0.024 
0.289 


In  the  first  series  of  experiments  with  Bacillus  proteus,  a  different 
procedure  from  the  one  just  described  was  employed  which,  how- 
ever, did  not  prove  entirely  satisfactory  and  was  not  used  in  any 
other  experiment.  In  this  series  the  extraction  was  made  with  a  3 
per  cent  salt  solution  to  remove  a  higher  percentage  of  the  globulin 
in  the  meat,  sterilized  by  adding  about  8  per  cent  of  ether,  shaken, 
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and  allowed  to  stand  24  hours.  The  ether  was  then  removed  by 
aspiration  with  sterile  air  and  the  extract  diluted  with  enough  ster- 
ile water  to  bring  the  sodium  chloride  concentration  to  about  0.9 
to  1.0  per  cent.     The  objections  to  this  method  of  sterilization  were 

TABLE  IV. 
Action  of  Bacillus  coli  romnninis  on  Meat  Extract. 

Gm.  per  liter. 


Total  N 

Ammonia  N 

Non-protein  N 

"  "  minus 

NH,-N 

Ki  plus  KfN 

Purine  X 

Residual    non-protein 

N 


Apr. 
10 


4.82 

0.086 

1.43 

1.34 

0.554 

0.109 

0.677 


Apr. 
11 


0.096 
1.37 

1.27 

0.555 

0.123 

0.592 


Apr. 

12 


0.099 
1.44 

1.34 

0.523 

0.122 

0.695 


Apr. 
13 


0.100 
1.68 

1.58 

0.506 

0.147 

0.927 


Apr. 
15 


0.193 

1.80 

1.61 

0.588 

0.120 

0.902 


Apr. 
16 


0.386 
2.13 

1.75 

0.481 

0.054 

1.21 


Apr. 
17 


0.756 


0.321 
0.008 


Apr. 
18 


1.16 
2.77 

1.61 

0.303 

0.001 

1.31 


Apr. 
19 


2.08 
3.48 

1.40 

o.oa5 

0.0002 
1.31 


TABLE  V. 
Action  of  Bacillus  paratyphosus  fi  on  Meat  Extract. 

Strain  180. 


Total  N 

Ammonia  N 

Non-protein  N... 


it 


t( 


minus  NHi-N... 

KiplusKjN 

Purine  N 

Residual        non- 
protein N 


Gm.  par  liter. 


Apr. 

20 
7  p.m. 


4.75 

0.083 

1.64 

1.56 

0.521 

0.118 

0.921 


Apr. 

22 
10a.m. 


0.090 
1.66 

1.57 

0.514 

0.135 

0.921 


Apr. 

23 
6  p.m. 


0.112 
1.17 

1.06 

0.494 

0.121 

0.445 


Apr. 

25 
lOa.m 


0.133 
1.47 

1.34 

0.496 

0.102 

0.742 


Apr. 

26 
lOa.m. 


0.176 
1.71 

1.53 

0.540 

0.103 

0.887 


M)a.m, 


1.71 

0.540 

0.111 

1.06 


Apr. 

28 
10  a.m. 


0.361 
2.29 

1.93 

0.560 

0.100 

1.27 


Apr. 

20 

3  p.m. 


0.706 
2.37 

1.66 
0.554 


May 

1 
3  p.m. 


0.482 
2.32 

1.84 

0.446 

0.103 

1.29 


May 

7 
3  p.m. 


1.32 

2.88 

1.56 

0.427 

0.049 

1.08 


the  difficulty  of  removing  the  ether  and  the  fact  that  dilution  of 
the  extract  to  reduce  the  salt  concentration  to  0.9  to  1.0  per  cent 
yielded  a  very  dilute  broth.  Although  Bacillus  proteus  is  a  vig- 
orous organism,  this  broth  did  not  furnish  a  suitable  substratum 
for  its  growth. 
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Organisms  Studied. — BadUus  proUuSy  Bacillus  coli  cammunh, 
Bacillus  paraiyphosus  0  (two  strains  which  had  caused  meat  poi- 

TABLE  VI. 

Action  of  Bacillus  paratyphasus  fi  on  Meat  Extract. 

Strain  tSS. 

Gm.  per  liter. 


Total  X 

Ammonia  X.... 
Xon-protein  X 


« 


« 


minus  XH|-X... 

Ki  plii8  KsX 

Purine  X 

Residual        non- 
protein X 


Apr. 

20 
Ipjn. 


4.81 

0.083 

1.64 


0.922 


Apr. 

23 
lOsjn. 


0940 


0. 

1.42 
1.33 


1.56 

0.52010.54010 

0.118 


Apr.     -\pr.  .  Apr, 

23     •     25     '     26 
6pjn.llOAjaL  lOsjn 


.116 
1.31 


1.50 


1.19 

513 
0.13210.123 


0.6580.554 


1420 


0.837 


Apr. 

27 
lOajn. 


.192 
1.78 

1.59 


0.958 


1.73 


1.45 

0.52010. 53410. 54010 

0.0930.0980.0970.10410 


1,09 


Apr. 

28 

IOajb. 


10. 

2.43 
2.03 


4010 


1.37 


Apr. 

20 
Spjo. 


434|0.4S2 
2.31 


2.50 


1.87 
55410.560 


1.21 


M«y  1  M«y 

1      I     7 
Spjn.  3pjn. 


1.83 
0.560 
0990.102 


i.r 


1.61 
3.13 

1.49 
0.514 


TABLE  VU. 

Action  of  Bacillus  enteritidis  {Gaertner  Bacillus)  on  Meai  Extract. 

Strain  t5. 


Gm.  per  liter. 

Series  1. 

Series  2. 

June 
12 

6.30 

1.76 

0.704 

0.133 

0.923 

Juje 

0.059 
1.86 

1.80 

0.670 

0.155 

0.975 

June 
16 

0.590 
3.92 

3.33 

0.192 

0.115 

3.02 

June 
17 

June 
18 

June 
29 

June 
90 

July 

July 

2 

July 
3 

Total  X 

0.829 
4.69 

3.86 

0.384 

0.110 

3.37 

6.30 
1.50 
6.08 

4.58 

0.253 

0.045 

4.28 

0.855 
0.308 
0.057 

0.490 

0.070 
0.908 

0.838 
0.312 
0.063 

0.463 

0.138 
1.02 

0.881 
0.261 
0.058 

0.562 

0.351 
1.26 

0.907 
0.174 
0.047 

0.686 

Ammonia  N 

Xon-protein  X... 
i<             « 

minus  XH|-X... 

Ki  plus  KjX 

Purine  X 

0.533 
1.36 

0.829 
0.134 
0  041 

Residual        non- 
protein X 

0.654 

soning),  Bacillus  enteritidis  (Gaertner  bacillus,  two  strains),  Badl- 
lus  subtiliSf  and  Streptococcus  brevis  were  the  types  used  in  the  ex- 
periments.   The  sources  of  these  organisms  will  be  given  elsewhere.* 


•  Greenwald,  I.,  unpublished  data. 


.  TABLE  Vin. 
Action  of  Bacillus  enteritidis  {Gaertner  Bacillus)  on  Meat  Extract. 

Strain  ISt. 


Total  N 

Ammonia  N 

Non-protein  N.. 

minus  NH»-N.. 

KiplusK^N 

Purine  N 

Residual        non 

protein  N 


Gm.  per  liter. 


Series  1. 


June 
14 


6.15 


1.76 

0.704 

0.133 

0.923 


June 
15 


0460 


0. 
1.88 

1.83 

0.673 

0.141 

1.02 


June 
16 


604 

3.57 

2.97 

0.105 

0.035 

2.83 


June 
17 


0.819 
4.69 

3.77 

0.300 

0.057 

3.41 


June 
18 


6.15 
1.50 
6.20 

4.70 

0.205 

0.005 

4.49 


Series  2. 


June 
29 


0.855 

0.308 
0.057 

0.490 


June 
30 


0.058 

0.940 

0.882 
0.306 
0.061 

0.515 


July 
1 


0.116 
1.03 

0.917 
0.253 
0.066 

0.598 


July 
2 


0.292 


0.174 
0.056 


July 
3 


0.481 
1.36 

0.874 
0.162 
0.030 

0.682 


TABLE  IX. 
Action  of  Bacillus  subtilis  on  Meat  Extract. 


Total  N 

Ammonia  N 

Non-protein  N 

"  "  minus 

NH,-N 

KiplusKiN 

Purine  N 

Residual  non-protein  N. 


Gm.  per  liter 


July 
15 


4.58 

0.054 

1.16 

1.11 
0.394 
0.064 
0.652 


July 

16 


0.096 
1.33 

1.23 
0.151 
0.064 
1.02 


July 
17 


0.738 
2.49 

1.75 
0.408 
0.074 
1.27 


July 
18 


1.14 
2.90 

1.76 
0.196 
0.050 
1.51 


July 
10 


1.36 
2.97 

1.61 
0.164 
0.040 
1.41 


July 
20 


1.75 
3.33 

1.68 
0.078 
0.016 
1.49 


July 
21 


2.02 
3.68 

1.66 
0.048 
0.033 
1.58 


TABLE  X. 
Action  of  Streptococcus  bran's  on  Meat  Extract. 


Gm.  per  liter. 

July 
15 

July 
17 

July 
18 

July 
10 

July 
90 

July 
21 

July 
22 

Total  N 

4.56 

0.054 

1.16 

1.11 
0.394 
0.064 
0.652 

0.32 
1.98 

1.66 
0.368 
0.072 
1.22 

0.90 
2'.  60 

1.70 
0.225 
0.068 
1.40 

1.29 
2.92 

1.63 
0.218 
0.060 
1.35 

1.59 
3.40 

1.81 
0.130 
0.004 
1.68 

1.75 
3.42 

1.67 
0.122 
0.035 
1.51 

4  56 

Ammonia  N 

2  16 

Non-protein  N 

3.80 

"             "  minus 
NHi-N 

1  64 

Ki  plus  KjN 

0.152 

Purine  N 

0.042 

Residual  non-protein  N 

1.46 
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Most  of  the  organisms  were  the  colon-typhoid  group,  which  are  the 
organisms  chiefly  concerned  in  food  poisoning.  For  comparison, 
it  was  desired  to  determine  whether  organisms  belonging  to  a  to- 
tally different  group  produced  changes  in  the  substratum  siniilar  to 
tlK)S(»  produced  by  the  colon-typhoid  group.  For  this  purpose  Strep- 
tococciis  brevis  and  the  spore-forming  Bacillus  subtilis  were  used. 
It  should  be  noted  in  the  case  of  Bacillus  enteritidis,  that  the 
organism  grew  very  rapidly  so  that  the  early  stages  of  decomposi- 
tion were  not  obtained.  The  experiments  were,  therefore,  re- 
peated to  detennine  the  intermediate  changes.  These  results  are 
given  in  Table  VII  under  Series  1  and  2  respectively. 

The  results  of  the  experiments  on  meat  extracts  are  presented 
in  TaUes  II  to  X.  The  nitrogenous  constituents  are  the  most  im- 
portant for  determining  the  nature  of  the  changes  occurring  in 
the  spoiling  meat;  Figs.  1  to  9  show  the  nitrogen  content  of  the 
various  nitrogen-bearing  fractions  of  the  extract  as  percentages  of 
the  total  nitrogen.  The  times  of  action  plotted  along  the  abscis- 
sae are  not  plotted  according  to  scale  in  some  of  the  figures.  For 
the  purposes  in  view,  the  results  are-  plotted  in  equal  increments 
although  some  of  the  time  intervals  were  different. 

DISCUSSION. 

The  results  presented  in  the  tables  and  the  figures  show  some 
marked  differences  as  well  as  similarities  by  the  actions  of  the 
different  strains.  The  creatine-creatinine  values  change  only 
slightly  with  Bacillus  proteus  and  Bacillus  paraiyphosus  /3,  but  de- 
<?rease  markedly  with  Bacillus  colt  communis,  BacilliLS  enteriitdiSy 
Bacillus  subtilis,  and  Streptococcus  brevis.  The  purine  values  de- 
crease rapidly  with  Bacillus  coli  communis  and  Bacillus  enteritidis. 
With  Bacillus  proteus  and  Bacillus  paratyphosus  fi  the  purine 
nitrogen  showed  a  more  or  less  irregular  (accidental)  variation 
for  the  first  action  followed  by  a  small  decrease.  Bacillus  subtilis 
and  Streptococcus  brevis  gave  a  distinct  final  increase  in  the  purine 
indicating  a  synthesis.  The  ammonia  increased  in  every  case. 
The  non-protein  nitrogen  and  residual  non-protein  nitrogen 
values  represent  the  summation  of  the  changes  of  a  number  of 
substances. 

The  results  show  that  bacteria  exert  certain  selective  actions 
on  definite  substances  or  groups  of  substances.     The  results  are 
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not  as  yet  quantitative  enough  for  careful  comparLsons,  but  indi- 
cate that  more  careful  determinations  in  which  the  conditions  are 
controlled  more  accurately  and  with  synthetic  media,  wholly  or 
in  part',  would  give  a  method  for  distinguishing  various  strains  of 
bacteria. 

The  increase  in  the  ammonia  content,  which  is  the  one  common 
factor  in  all  the  actions,  may  be  of  value  in  detennining  when  the 
meat  becomes  unpalatable  or  unsuitable  for  use  by  estimating  the 
amount  of  this  constituent  present.  This  question  is  taken  up  in 
the  paper  which  follows. 
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Action  of  B.enteritidisCGaertncr  Bacillus) 
ON  Meat  Extract.  Strain  25 

(expressed  as  PERCENTA6ES  OF  TOTAL  NITROOEN) 


A  NON- PROTEIN  N  MINUS 
Xl  AMMONIA 

RESIDUAL  NON- PROTEIN  N 


NON -PROTEIN  N  - 


'Pfoit€4t  One<^ 
HaffHttScale 
of  the  Other 
^QuantiHes 


O  AMMONIA  NITR06CN 


f  CREATINE  ♦  CREATININE  N 


STAiir  or      ^ 

CXPCRIHCHT      3 


4 

Davs 


^•PURINE  NITROeCN- 

I 
6 


Phftea 
TtnTtmes 


Fig.  6. 
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Action  of  B.enteritidis  (Gaertner  Bacillus) 
ON  Meat  Extract.  Strain  132 
(expressed  as  percentages  of  total  nitrogen) 

#  NON- PROTEIN  N     MINUS 
yr  AMMONU 

/# 

RCSIOUAL  NON-PROTCINNITR06B 


NON-PROTCIN  N 


HatfAt 
Scukdfk 


O  AMMONIA     NITR06LW 


CREATINE  ♦  CREATININE  N 


'^    PURINE  NITR06EN- 
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Fig.  7. 
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AMMONIA  TEST  FOR  MEAT  SPOILAGE. 

By  K.  GEORGE  FALK  and  GRACE  McGUIRE. 

{From  the  Harriman  Research  Laboratory j  The  Roosevelt  Hospital,  New  Yorkf 
in  Cooperation  with  the  Division  of  Food  and  Nutrition,  Medical 

Department,  U.  S.  Army.) 

(Received  for  publication^  February  21,  1919.) 

In  the  chapter  on  "Meat  and  meat  products"  in  Allen's  Commer- 
cial Organic  Analysis/  Richardson  stated  in  reviewing  various  tests 
that  the  estimation  of  the  "nitrogen  in  anmioniura  salts,  together 
with  other  substances  easily  decomposed  by  means  of  weak  alka- 
lies, probably  affords  the  best  available  chemical  methods  at  the 
present  time  for  the  detection  of  decomposition  in  flesh  foods/' 
Attention  was  directed  to  the  diflBculty  of  carrying  out  the  methods 
because  of  the  possibility  of  decomposition  brought  about  by  the 
reagents  used.  Ottolenghi,  on  the  other  hand,  favored  the  deter- 
mination of  the  amount  of  amino-acid  as  an  index  of  the  beginning 
of  active  decomposition.^  Hoagland  and  associates'  found  that 
the  increase  in  amino  nitrogen  aflforded  the  best  measure  of  the 
extent  of  autolysis  in  cold-stored  meats.  The  behavior  of  the 
ammoniacal  nitrogen  was  much  the  same,  but  was  not  considered 
to  be  so  good  an  index  of  the  extent  of  the  autolysis. 

In  the  meat  studies,  some  of  the  results  of  which  were  pubUshed 
in  the  preceding  paper,  the  striking  common  factor  in  the  decom- 
position of  meat  at  room  temperatures  in  the  form  of  broth,  brought 
about  by  a  number  of  definite  strains  of  bacteria,  was  the  marked 
increase  in  the  ammonia  content,  especially  significant  when  cal- 
culated as  percentages  of  total  nitrogen  or  of  non-protein  nitro- 
gen.   Some  experiments  on  amino-acid  determinations  showed 

*  Richardson,  W.  D.,  in  Allen,  A.  H.,  Commercial  organic  analysis,  Phil- 
adelphia, 4th  edition,  1914,  viii,  313-16. 

*  Ottolenghi,  D.,  Z.  Untersuch.  Nahrii7igs-u.  Genussmiitel,  1913,  xxvi, 
72S. 

*  Hoagland,  R.,  McBryde,  C.  N.,  and  Powick,  \V.  C,  V.  S.  Dept.  Agric, 
Bull.  4SS,  1917. 
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such  small  changes  under  the  conditions  used  that  this  method  was 
abandoned. 

In  attempting  to  find  a  chemical  test  for  meat  which  would  in- 
dicate when  it  was  on  the  verge  of  being  unfit  to  eat,  the  meaning 
of  unfitness  must  be  defined.  Previous  work  on  this  question*  in- 
dicates that  meat  is  not  poisonous  as  food  when  thoroughly  cooked 
if  the  animal  was  not  infected  before  death.  If  the  animal  was 
infected  when  alive,  the  meat  msLV  contain  heat-stable  toxins. 
The  test  for  imfitness  for  meat  as  purchased  in  thisand  other  coun- 
tries having  suitable  food  laws  must  therefore  be  based  upon  its 
palatability  when  cooked  or  upon  its  flavor,  odor,  and  appearance 
when  uncooked.  These  standards  will  var>'  to  some  extent  in  dif- 
ferent localities  and  with  different  individuals. 

From  the  results  of  previous  work,  the  ammonia  content  of  meat 
undergoing  decomposition  under  various  conditions  was  chosen 
as  the  test  and  an  attempt  was  made  to  find  an  approximate  limit 
to  the  ammonia  content  when  the  meat  would  be  considered  unfit 
for  food. 

The  diflBculties  in  determining  ammonia  can  be  overcome  by 
u.««ing  the  pemiutit  methwl  of  Folin  and  Bell*  in  which  ammonia  is 
extracted  from  a  solution  by  specially  prepared  permutit  (an 
aluminium  silicate,  zeolite).  This  ammonia  is  then  liberated  by 
treatment*  with  alkali  and  determined  by  Nesslerization.  The 
method  eliminates  the  possible  decomposition  by  alkali  of  the  pro- 
tein or  other  material  present  and  gives  results  more  truly  repre- 
sentative of  the  ammonia  in  the  meat  present  as  such  and  as 
ammonium  salts. 

A  number  of  series  of  determinations  with  the  aeration  and  the 
pemiutit  methods  \vith  fresh  and  decomposed  meats  gave  similar 
results  for  the  ammonia  content,  provided  certain  conditions  were 
adhered  to  with  the  former.  With  2  to  4  gm.  of  ground  meat 
and  10  cc.  of  water,  1.25  cc.  of  10  per  cent  NaOH  solution  w^as 
used,  and  aeration  was  continued  for  2  hours.  CapryUc  alcohol 
was  used  to  prevent  foaming,  0.01  x  sulfuric  acid  to  absorb  the 
ammonia,  and  0.01  x  sodium  h3^droxide  for  titrating,  with  the 
mixture  of  methyl  red  and  methylene  blue  as  indicator.  Instead 
of  sodium  hydroxide,  10  cc.  of  20  per  cent  sodium  carbonate  solu- 

*  GrconwaUl,  I.,  unpublished  data. 

'  Folin,  O.,  and  Bell,  R.  D.,  J.  Biol.  Chem.,  1917,  xxix,  329. 
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tion  may  be  used,  but  aeration  must  then  be  continued  for  3  to 
4  hours.  For  the  permutit  method,  5  gm.  of  ground  meat  .(beef) 
were  treated  with  60  cc.  of  water  and  20  cc.  of  alumina  cream  in  a 
100  cc.  volumetric  flask  for  1  hour,  made  up  to  the  mark,  filtered, 
and  the  anunonia  was  determined  in  the  filtrate  as  described  by 
FoUn  and  Bell. 

The  results  obtained  with  meat  (beef)  kept  at  room  tempera- 
ture and  at  low  temperature  showed  marked  differences.  With 
the  former,  bacterial  growth  was  rapid,  especially  at  the  higher 
temperatures,  and  the  meat  was  soon  unfit  for  use,  in  some  cases 
after  24  hours.  With  the  latter,  there  was  considerable  growth  of 
mold  with  little  bacterial  growth.  After  trimming  off  the  mold, 
the  meat  was  still  suitable  for  use  after  standing  for  3  or  4  weeks 
at  a  temperature  varying  between  0°  and  5°.  With  still  lower 
temperatures,  the  meat  could  be  used  after  much  longer  periods. 

The  ammonia  content  for  the  two  forms  of  spoiled  meat  differed 
greatly.  The  fresh  meat  (beef  within  24  hours  of  slaughter  and 
chilled)  contained  between  0.03  and  0.10  mg.  of  ammonia  N  per 
gm.  of  meat.  (The  results  will  be  given  in  these  terms;  the  changes 
in  moisture  content  of  the  meat  were  too  small  to  affect  the  results.) 

When  allowed  to  decompose  at  room  temperature  (15-25°),  the 
results  of  a  large  number  of  determinations  showed  that  the  meat 
became  unsuitable  for  food  when  the  ammonia  nitrogen  content 
reached  0.3  to  0.4  mg.  per  gm.  of  meat.  Below  this,  the  meat 
could  still  be  used. 

At  low  temperatures,  the  ammonia  content  was  much  higher  be- 
fore the  meat  was  unsuitable  to  eat.  The  results  varied  consider- 
ably because  of  the  variations  in  temperatm^  and  the  previous 
condition  and  treatment  of  the  meat,  but  the  ammonia  nitrogen 
content  was  over  1.0  mg.  per  gm.  of  meat  in  every  case  before  the 
meat  was  unfit  for  use  and  in  some  cases  rose  to  3.0  mg.  before  the 
meat  had  to  be  discarded. 

The  interpretation  of  these  results,  especially  in  connection  with 
the  work  of  Hoagland  and  others,  is  simple.  Bacterial  growth  at 
room  temperature  is  comparatively  rapid  and  the  meat  becomes 
unfit  for  food  even  with  a  low  ammonia  content.  At  low  tempera- 
tures, bacterial  growth  is  slow,  but  autolysis  proceeds  so  that  the 
cleavage  products,  such  as  ammonia  and  compounds  rich  in  amino 
nitrogen,  increase  greatly  without  the  formation  of  those  products 
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whose  odor,  appearance,  and  general  flavor  make  the  food  iinsuit^ 
able  for  use.  If  the  meat  is  kept  cold  first,  autolysis  proceeding, 
and  then  is  brought  to  room  temperatiu^,  decomposition  would  be 
much  more  rapid  because  of  the  simpler  products  formed  by  au- 
tolysis, which  would  serve  as  nutriment  for  bacterisT  and  greatly 
increase  their  growth.  This  may  be  one  reason,  in  addition  to  the 
physical  effects  of  the  breakdown  of  cell  walls  by  freezing,  for  the 
more  rapid  decomposition  of  meat  which  has  been  in  cold  storage 
for  some  time. 

The  authors  wish  to  express  their  thanks  for  the  aid  given  by 
Miss  Helen  R.  Downes  and  Mr.  Robert  P.  Greene  in  carrying  out 
the  large  number  of  analyses  necessary  in  this  work. 
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The  method  as  originally  published^  required  for  each  deter- 
mination three  filtrations  as  a  preliminary  to  the  titration;  one 
after  coagulation  of  the  proteins  with  heat  and  magnesium  sul- 
fate, a  second  after  treatment  with*  charcoal  to  remove  the  last 
traces  of  protein,  and  a  third  after  precipitation  of  the  CI  with 
standard  silver  nitrate. 

We  have  found  that  the  three  filtrations  can  be  condensed  into 
one  by  addition  of  picric  acid  to  the  standard  silver  nitrate.  The 
technique  consequently  involves  only  one  filtration  and  the  meas- 
urement of  an  aliquot  part  of  the  filtrate  for  titration. 

Rappleye'  has  recently  published  a  method  for  plasma  chloride 
determination,  based  on  the  Volhard  titration,  involving  a  tech- 
nique as  simple  as  ours,  and  in  fact  practically  identical,  viz.  a 
precipitation  with  silver  nitrate  and  titration  of  the  filtrate,  the 
difference  being  that  Rappleye  titrates  the  excess  silver  with  sul- 
focyanate  instead  of  iodide.  We  have  obtained  entirely  accurate 
results  with  Rappleye's  method.  The  choice  between  it  and  the 
iodide  titration,  therefore,  depends  upon  individual  preference. 

Solutions, — The  standard  silver  nitrate  solution  (Solution  I,  p. 
363  of  the  original  pamper)  is  made  up  to  contain,  in  addition  to  the 
silver  nitrate  and  nitric  acid,  7.5  gm.  of  picric  acid  per  liter.  This 
solution  precipitates  both  proteins  and  chlorides  simultaneously.' 

1  McLean,  F.  C,  and  Van  Slyke,  D.  D.,  J.  Biol.  Chem.,  1915,  xxi,  361. 

*  Rappleye,  W.  C,  J.  Biol.  Chem.,  1918,  xxxv,  509. 

•  The  silver  nitrate  solution  contains  per  liter  5.812  gm.  of  pure  fused 
AgNQi,  250  cc.  of  HNOi  (specific  gravity  1.42),  and  7.5  gm.  of  picric  acid. 

The  starch-citrate-nitrite  solution  contains  per  liter  446  gm.  of  crys- 
talline sodium  citrate  (NniCeHftOr  +  5 J  HaO),  20  gm.  of  NaXOi,  and  2.5 
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The  composition  of  the  indicator  solution,  containing  nitrite, 
citrate,  and  starch,  is  unchanged  from  that  described  in  the  origi- 
nal paper.  It  may  be  well  to  emphasize  that  when  the  starch  is 
dissolved  the  solution  must  be  not  merely  heated,  but  boiled  for 
several  minutes,  or  it  will  not  give  a  satisfactory  end-point.  If 
starch  other  than  the  "soluble"  variety  is  used  the  boiling  should 
continue  for  an  hour. 

The  ZTTl  KI  solution,  of  which  1  cc.  is  equivalent  to  1  mg.  of 
o8.5  ^ 

NaCl,  has  been  replaced  by  zr-   KI  solution,  of  which  1  cc.  is 

equivalent  to  0.8  mg.  of  NaCl.  The  greater  dilution  of  the  KI 
solution  is  conducive  to  slightly  increased  accuracy  in  the  titration; 
and  the  fact  that  it  is  equivalent  to  0.8  mg.  of  NaCl  per  cc.  sim- 
plifies the  calculation  to  a  single  subtraction  (see  below).  The 
KI  solution  is  standardized  t'o  make  2.5  cc.  equivalent  to  1  cc.  of 
the  AgNOs  solution. 

Standardization  of  the  KI  Solution. — The  solution  contains  2.27 
gm.  of  pure  KI  per  liter.  It  is  made  up  to  contain  2.4  gm.,  and 
diluted  to  the  extent  indicated  by  a  preliminary  titration.  5  cc. 
of  the  silver  nitrate  solution,  measured  with  a  pipette  which  has 
an  error  not  greater  than  0.01  cc.  (delivers  4.97  gm.  of  water  at 
20°),  are  mixed  with  5  cc.  of  the  starch-citrate  solution  and  5  cc. 
of  water,  and  iodide  is  run  in  from  a  burette  to  a  permanent  blue 
end-point.  The  amomit  required  should  be  12.65  cc,  12.50  cc. 
being  required  to  precipitate  the  standard  silver  solution,  and  0.15 
cc.  additional  to  give  the  end-point  (see  below  under  "End-point"). 

Determination  of  Chlorides  in  Plasnia, — 2  cc.  of  oxalate  or  citrate 
plasma  are  drawn  into  a  dry  pipette  calibrated  to  contain  2  =*= 
0.005  cc.  (The  pii>ette  must  weigh  1.994  =*=  0.005  gm.  more 
when  filled  with  water  at  20°  than  when  empty  and  dr>'.)  The 
plasma  is  run  into  a  50  cc.  measuring  flask  half  full  of  water,  and 
the  pipette  is  rinsed  by  drawing  the  water  up  into  it  twice.  10 
cc.  of  the  standard  silver  nitrate-picric  acid  solution  are  added, 

pni.  of  soluble  starch.  The  starch  is  first  dissolved  in  about  500  cc.  of 
boiling  water,  to  which  the  citrate  and  nitrite  are  then  added,  the  solu- 
tion being  finally  made  up  to  1  liter.  4  cc.  of  this  solution  contain 
sufficient  citrate  to  react  with  the  acid  in  1  cc.  of  HXOi  of  1.42  8]^cific 
gravity,  the  resulting  solution  having  the  optimum  acidity  for  production 
of  the  blue  starch-iodine  end-point. 
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and  the  mixture  is  diluted  to  the  50  ee.  mark  and  shaken  at  inter- 
vals for  several  minutes,  until  coagulation  is  completed.  The 
addition  of  a  drop  or  two  of  caprylic  alcohol  prevents  foaming  and 
facilitates  coagulation.  The  solution  is  passed  through  a  dry, 
chloride-free  filter,  the  first  portion  of  filtrate  being  passed  through, 
if  necessary,  a  second  time  to  remove  turbidity  completely.  20  cc. 
duplicate  portions  of  the  filtrate  are  measured  with  a  calibrated 
pipette  into  100  cc.  Erlenmeyer  flasTis,  4  cc.  of  the  starch-citrate 
indicator  solution  are  added  to  each,  and  the  standard  KI  is  run 
in  from  a  burette  until  a  permanent  blue  end-point  is  obtained. 

If  it  is  desirable  to  use  less  than  2  cc.  of  plasma,  1  cc.  measured 
within  =fc  0.002  cc.  may  be  precipitated  with  5  cc.  of  standard  sil- 
ver solution  and  diluted  to  25  instead  of  50  cc,  the  filtrate  yielding 
only  one  20  cc.  portion  instead  of  duplicates. 

The  End-Point — Only  a  permanent  and  unmistakable  blue  is 
t^ken  as  the  end-point.  If  the  iodide  is  run  in  rapidlj*^  near  the 
end  of  the  titration,  iodine  may  be  formed  more  rapidly  than  the 
silver  nitrate  precipitates  it,  and  a  false  end-point  reached  which 
disappears  after  a  few  seconds  shaking.  If,  towards  the  end  of 
the  titration,  the  iodide  is  added  in  the  usual  manner,  slowly,  the 
blue  shade  caused  by  each  drop  disappears  as  soon  as  the  solution 
is  rotated,  until  the  genuine  end-point  is  reached.  The  latter  is 
permanent,  and  in  fact  deepens  with  time. 

The  first  appearance  of  the  end-point  is  observed  easily  against 
a  white  background,  but  even  more  readily  against  one  which 
matches  the  Ught  yellow  color  of  the  silver  iodide  precipitate  and 
the  picric  acid-tinged  solution.  We  usually  perform  the  titration 
over  a  sheet  of  light  j'^ellow  paper  which  lies  on  the  table  beneath 
the  burette. 

The  fact  that  0.15  cc.  of  excess  KI  solution  is  required  to  give 
the  end-point  does  not  detract  from  the  accuracy  of  the  titration, 
because,  with  a  given  volume  of  solution,  the  required  excess  is 
constant  and  sharply  defined.  The  end-point  is  not  approached 
gradually,  but  appears  suddenly  on  the  addition  of  the  last  drop 
of  the  0.15  cc.  excess  of  KI.  This  may  be  demonstrated  on  a  con- 
trol solution  by  mixing  1  cc.  of  HNO3  of  1.42  specific  gravity  with 
4  cc.  of  starch-citrate  indicator,  diluting  up  to  25  cc,  and  titrating 
with  the  KI  solution.  The  first  0.10  cc.  produces  no  color  at  all, 
but  the  next  drop  suddenly  causes  a  definite  blue  which  deepens 
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rapidly  for  several  seconds.  The  amount  of  excess  KI  required 
to  produce  the  end-point  varies  directly  as  the  volume  of  the  solu- 
tion; consequently  it  is  desirable  to  keep  the  volume  at  the  end  of 
the  titration  within  approximately  the  same  limits  (25  to  30  cc.) 
in  standardizing  as  in  performing  the  analyses. 

Calculation. — The  calculation  is  very  simple  when  standard  solu- 
tions of  the  above  concentration  are  used.  The  20  cc.  of  filtrate 
used  for  titration  represent  0.8  cc.  of  plasma,  and  the  imprecipi- 
tated  portion  of  an  amount  of  AgNOj  equivalent  to  8  mg.  of  NaCl, 
or  10  mg.  per  cc.  of  plasma.  Each  cc.  of  KI  used  in  the  titration 
is  equivalent  to  1  mg.  of  NaCl  per  cc.  of  plasma.  Hence  the  calcu- 
lation simplifies  to: 


Mg.  NaCl  per  cc.  plasma,  or.        ,ntc  vt 

Gm.      "       "  liter        "  ^  "  ^""^^  "  ***■  ^' 


} 


The  use  of  10.15  instead  of  10  cc.  is  due  to  the  fact  that  0.15  cc. 
excess  of  KI  solution  is  required  to  give  the  end-point.  If  the  0.15 
cc.  of  excess  iodide  required  to  give  the  end-point  were  neglected 
in  the  calculation,  the  error  would  be  partially  eliminated  by  neg- 
lecting it  also  in  the  standardization.  It  is  as  simple,  however, 
to  allow  for  it  in  the  calculation  and  thereby  eliminate  it  entirely. 

Necessity  for  Calibrated  Apparatus, — As  compared  with  most  de- 
terminations used  in  physiological  and  clinical  work,  exceptional 
accuracy  is  required  in  the  estimation  of  plasma  chlorides,  for  the 
reason  that  the  significant  figure  is  not  so  much  the  total  amount 
as  the  relatively  small  diflference  between  that  and  the  normal 
*' chloride  threshold"  level  of  5.62  gm.  of  NaCl  per  liter.*  Conse- 
quently errors  of  more  than  0.10  gm.  per  liter  are  undesirable.  In 
order  to  prevent  such  errors  it  is  necessary  to  check  the  accuracy 
of  all  pipettes,  burettes,  and  measuring  flasks  used  by  calibration. 
Glass  measuring  apparatus,  because  of  slow  shrinkage  after  blowing 
or  error  in  original  calibration,  is  not,  as  obtained  from  the  dealers, 
sufficiently  accurate  to  be  used  for  this  determination  without 
being  checked. 

Comparison  of  Results  with  Those  of  Original  Method. — The  fol- 
lowing parallel  determinations  on  a  series  of  human  plasmas  by 

*  McLean,  F.  C,  J.  Exp,  Med.,  1915,  xxii,  212,  366. 
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bhe  original  McLean- Van  Slyke  method  and  the  present  modifica- 
tion indicate  that  the  results  are  identical. 


Plasma  No. 

NaCl  per  liter. 

McLean- Van  Slyke  method. 

Present  modification. 

• 

1 

2 

3 

4 

5 

6 

7 

8 

gm. 

5.90 
5.90 

6.00 
6.04 

6.00 
6.00 

5.35 
5.35 

5.35 
5.42 

5.55 
5.50   ' 

5.68 
5.63 

6.01 
6.01 

gm. 

5.90 
5.90 

6.05 
6.02 

6.00 
6.02 

5.43 
.5.38 

5.40 
5.40 

5.55 
5.52 

5.65 
5.54 

6.01 
6.03 

THE  NUTRITIVE  VALUE  OF  THE  WHEAT  KERNEL  AND 

ITS  MILLING  PRODUCTS.* 

By  THOMAS  B.  OSBORNE  and  LAFAYETTE  B.  MENDEL. 

With  the  Cooperation  of  Edna  L.  Ferry  and  Alfred  J.  Wakeman. 
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New  Haven.) 

(Received  for  publication,  February  20,  1919.) 

INTRODUCTION. 

In  his  review  of  the  progress  of  physiological  chemistry  for  1917, 
Professor  Hopkins^  has  remarked : 

**The  present  shortage  in  the  food  supply  of  the  world  makes  important 
every  detail  of  knowledge  concerning  human  nutrition.  Even  facts  which 
seem  academic  need  scrutiny,  in  case  at  some  point  or  other  they  may  find 
application  in  the  direction  of  guidance  for  economy     .     .  •  .  Partic- 

ularly desirable  just  now  is  any  scrap  of  knowledge  concerning  the  cereals. 
Except  in  arctic  climates,  bread  and  cereals  are  always  important  items  in 
the  food  of  mankind,  and  except  where  wealth  has  accumulated  and  luxury 
come  in  its  train,  they  are  by  far  the  most  important.  Circumstances  have 
to  be  very  exceptional  indeed  when  the  growing  of  cereals  does  not  yield 
an  energy  supply  for  the  worker  at  less  cost  and  with  less  relative  effort  than 
any  other  method  of  food  production.  Economic  and  social  factors  usually 
tend  to  make  bread  by  far  the  most  convenient  form  in  which  the  cereals 
can  reach  the  individual  consumer.  The  nations  of  the  West  have  acquired 
the  habit  of  demanding  a  well-piled  loaf,  and  for  this  the  special  properties 
of  wheat  gluten  seem  necessary.    Hence  the  reliance  on  wheat  in  the  West.'* 

It  is  not  for  mankind  alone,  however,  that  wheat  has  a  nutritive 
importance;  for  this  cereal  seed  and  especially  the  by-products  of 
its  milling  are  largely  used  and  highly  esteemed  in  feeding  domes- 

*  The  expenses  of  this  investigation  were  shared  by  the  Connecticut 
Agricultural  Experiment  Station  and  the  Carnegie  Institution  of  Washing- 
ton, D.  C. 
*  Hopkins,  F.  G.,  Ann.  Rep.  on  Progress  of  C hem.  1917,  Chcm.  Soc.  Lon^ 

don,  1918,  xiv,  179. 
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tic  animals.  For  reasons  which  need  not  be  discussed  here  wheat 
has  been  milled  more  widely  and  has  furnished  a  larger  diversity 
of  milling  by-products  than  any  of  the  other  common  cereals. 
These  by-products  have,  in  turn,  acquired  special  uses  in  feeding 
practice  so  that  their  respective  nutrient  values  are  also  worthy 
of  independent  consideration.  The  debate  as  to  the  relative  value 
of  the  highly  milled  patent  flour  in  contrast  with  graham  flour  or 
with  ''whole  wheat"  flour  likewise  hinges  upon  problems  in  com- 
parative nutrition  which  have  been  uniquely  emphasized  by  war 
time  conditions. 

Different  Parts  of  the  Wheat  Kernel. 

The  wheat  kernel  consists  of  three  chief  parts,  each  anatomically 
and  chemically  differentiated  from  the  others.  These  are  the 
embryOf  or  germ,  situated  at  one  end  of  the  kernel  as  a  small,  yellow 
mass,  easily  distinguished  from  the  rest  of  the  seed;  the  endosperm, 
which  forms  much  the  greater  part  of  the  entire  kernel,  and  fur- 
nishes food  for  the  embryonic  plant  when  the  seed  germinates;  the 
outer  seed  coats  and  underlying  layer  containing  the  protein  cells 
which  cover  the  entire  seed  and  protect  the  embryo  and  endosperm 
from  damage  during  the  resting  period  of  the  seed's  existence. 
Corresponding  to  the  special  functions  of  each  of  these  three 
parts  there  are  profound  differences  in  the  chemical  nature  of  the 
sutetances  composing  them,  and  consequently  wide  differences  in 
their  nutritive  value. 

The  accompanying  tabulation  gives  the  approximate  propor- 
tion of  the  above  named  parts  in  the  average  moisturerfree  wheat 
kernel  containing  2.2  per  cent  of  nitrogen,  equal  to  12.5  per  cent  of 
protein  (N  X  5.7);  the  proportion  of  the  total  protein  of  the  seed 
in  these  parts;  and  also  the  percentage  of  the  total  protein  in  the 
part  itself. 

The  relative  proportion  of  these  parts  varies  somewhat  in  dif- 
ferent samples  of  wheat,  but  in  general  we  believe  that  these  figures 
fairly  represent  the  average.  The  amount  of  endosperm  was  esti- 
mated from  the  difference  between  the  sum  of  the  other  parts  and 
the  entire  kernel.  The  amount  of  embryo  was  estnnat^d  by  care- 
fully dissecting  out  and  weighing  it.  It  is  impossible  to  estimate 
accurately  the  amount  of  bran,  for  it  cannot  be  completely  sep- 
arated from  all  the  other  parts  of  the  seed  by  any  method  we  have 
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discovered.  From  the  results  of  milling  tests  on  weighed  quanti- 
ties of  wheat*  and  from  the  data  given  by  Girard'  we  have  assumed 
that  15  per  cent  is  not  very  far  from  the  truth. 


• 

Part  as  per 
cent  of  seed. 

Per  cent  of 

seed  as 

nitrogen  in 

part. 

Per  cent  of 
seed  as  pro- 
tein in  part 
(NX  57). 

Per  cent  of 

protein  in 

part. 

Per  cent  of 

total  protein 

of  seed  in 

part. 

£)ndosperm 

83.5 

15.0 

1.5 

1.61 
0.49 
0.10 

9.17 
2.80 
0.57 

11.1 
18.7 

36.7 

73  3 

Bran 

22  3 

Eiinbryo 

4  4 

100.0 

2.20 

12.54 

100.0 

Embryo. 

This  part  of  the  seed  is  the  center  of  its  physiological  activity, 
to  the  needs  of  which  the  other  parts  are  subservient.  Structur- 
ally the  embryo  consists  of  the  rudimentary  organs  of  the  embry- 
onic plant  which  are  composed  of  a  mass  of  small  cells  of  which 
the  nuclei  form  a  far  larger  proportion  than  of  any  other  part  of 
the  seed.  In  fact  the  cell  nuclei  are  so  abundant  in  the  embryos 
that  these  and  yeast  have  aflForded  the  only  material  from  which 
nucleic  acid  has  as  yet  been  obtained  from  vegetable  sources.* 
Under  proper  conditions  of  moisture  and  heat,  the  cells  of  the 
embryo  begin  to  divide  and  chemical  processes  are  set  in  operation 
which  result  in  a  rapid  development  of  the  new  tissues  of  the 
seedling.  The  changes  in  structure,  and  therefore  in  composition, 
which  constitute  growth  imply  a  high  degree  of  instability  in  the 
chemical  compounds  which  compose  the  greater  part  of  the  em- 
bryo. Owing  to  this  latter  fact  chemical  investigations  of  the 
embryo  of  wheat  are  particularly  difficult  and  consequently  our 
knowledge  of  its  constituents  is  limited. 

Frankfurt*  made  a  special  investigation  of  the  wheat  embryo. 
From  the  data  which  he  has  furnished  we  have  compiled  the  fol- 
lowing statement  of  its  chief  constituents. 

«  Wiley,  H.  W.,  U.  S.  Dept.  Agric,  Bureau  of  Chem.,  Bull.  IS,  1898,  pt. 
9,  1269. 

»  Girard,  A.,  Compt.  rend.  Acad.,  1897,  cxxiv,  876,  926. 

*  Osborne,  T.  B.,  and  Campbell,  G.  F.,  J.  Am.  Chcm.  Soc,  1900,  xxii, 
379. 

*  Frankfurt,  S.,  Landw.  Versuchsstat.,  1896,  xlvii,  449. 
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ComiMsilion  of  the  Wheat  Embryo. 

Carbohydrates  soluble  in  water,  ineluding  sucrose  and  raf- 

finose  (0.89  i>er  cent ) 

•'Crude  protein"  (N  =  6.44  per  cent  X  6.2o)* 

Fil)er 

Crude  fat 

Ash 

rndetermined  (chiefly  insoluble  carbohydrates?) 


percent 

24.34 
40.25 

1.71 
13.51 

4.S2 
15.37 


100.00 


*  We  have  confirmed  Frankfurt's  estimate  of  nitrogen  by  Kjeldahl 
determinations  nuide  on  very  pure  embryos  isolated  with  great  care. 

Compared  with  the  other  parts  of  the  seed  the  proportion  of 
soluble  carbohydrates  is  large,  about  15  to  18  per  cent  of  the  em- 
bryo being  sugars  of  which,  according  to  Richardson  and  Cramp- 
ton,*  sucrose  is  the  most  abundant,  while  another,  supposed  by 
them  to  be  raffinose  and  later  identified  as  such,^  is  present  in 
considerable  amount.  Starch  is  wholly  lacking,  as  shown  by 
microscopic  examination  of  the  isolated  embryo. 

Richardson  and  Cram pt on'  identified  allantoin  among  the  non- 
protein nitrogenous  compounds  and  Frankfurt**  added  to  these  as- 
paragine,  choline,  and  betaine.  Later  nucleic  acid  was  found  to 
1x5  present  in  considerable,  though  undetermined,  amount.*  In 
view  of  the  fact  that  the  proportion  of  these  nitrogenous  constitu- 
ents is  still  unknown  no  accurate  statement  of  the  percentage  of 
pun*  protein  in  the  embrj'o  can  Ix^  given.  It  must,  however,  be 
decidedly  less  than  the  amount  of  *^  crude  protein"  as  estimated 
by  multiplj'ing  the  total  nitrogen  by  the  conventional  factor. 

The  proteins  of  the  embry^o  differ  markedly  from  those  of  the 
endospenii,  both  in  their  solubility  and  constitution.*  Water  ex- 
tracts about  10  per  cent  of  albumin  from  commercial  wheat  embr}-o 
meal,  and  sodium  chloride  solution  further  extracts  about  5  per 
cent  of  globulin,  whereas  only  very  small  amounts  of  similar  pro- 
teins are  thus  extracted  from  wheat  flour  (endosperm).  It  is 
probable  that  both  albumin  and  globuUn  are  present  in  larger  pro- 
portion in  the  embrj- o  than  the  above  figures  indicate,  for  the  insolu- 

^  Richardson,  C,  and  Crarnpton,  C.  A.,  Ber.  chem.  Ges.j  1886,  xix,  1180. 
"  Schulze,  K.,  and  Frankfurt,  8.,  Ber.  chetn.  Gcs.,  1894,  xxvii,  64. 
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ble  compounds  which  these  proteins  form  with  nucleic  acid  doubt- 
less preclude  their  complete  extraction.  The  proportion  of  the 
products  of  hydrolysis  of  the  albumin,  known  as  leucosin,  is  similar 
to  that  from  proteins  of  many  animal  products  which  are  com- 
monly used  for  food,  but  is  strikingly  different  from  that  yielded 
by  the  proteins  of  the  endosperm  of  the  wheat  kernel.® 

Owing  to  the  difficulties  encountered  in  separating  the  embryo 
from  the  other  parts  of  the  kernel  it  is  practically  impossible  to 
obtain  large  quantities  free  from  admixtures.  We  were  therefore 
compelled  to  use  a  commercial  preparation,  kindly  furnished  by 
the  Quaker  Oats  Company.  By  sorting  this  material  under  a 
lens  about  33  per  cent,  obviously  chiefly  bran,  could  be  separated, 
while  the  embryo  tissue  which  remained  still  contained  not  a  little 
endosperm  as  evidenced  by  the  starch  grains. 

The  following  data,  obtained  by  the  conventional  methods  com- 
monly used  for  analyses  of  this  kind,  show  the  general  character  of 
the  material  which  we  employed  for  our  feeding  experiments.  From 
the  nature  of  the  methods  employed  these  figures  can  at  best  rep- 
resent only  approximately  the  proportion  of  most  of  the  designated 
groups  of  constituents. 

Composition  of  Commercial  Wheat  Embryo  Meal. 

per  cent 

Sugars 7.71 

Dextrin 7.50 

Starch 18.21 

Pentosans,  etc 8.29 

Protein  (N  X  6.25) 31.00 

Fiber 2.35 

Fat 10.44 

Ash 4.91 

Undetermined 9.59 

100.00 

• 

By  carefully  grinding  a  sample  of  the  meal  after  it  had  been  ex- 
tracted with  ether  the  friable  particles  of  the  embryo  were  readily 
reduced  to  a  powder  while  the  more  resistant  particles  of  bran  and 
a  part  of  the  endosperm  were  less  easily  reduced  in  size.  By  sift- 
ing on  suitable  sieves  three  fractions  were  obtained,  the  finest 
containing  only  a  small  amount  of  bran  visible  under  the  lens. 

»  Osborne,  T.  B.,  and  Clapp,  S.  H.,  Am.  J.  Physiol,  1906-07,  xvii,  231. 
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The  intermediate  fraction,  stained  with  iodine,  consisted  ahnost,  if 
not  wholly,  of  particles  of  endosperm  and  bran  in  approximately 
equal  parts,  so  far  as  could  be  visually  estimated.  The  coarsest 
fraction  was  chiefly  bran  to  which  some  endosperm  still  adhered. 
Neither  of  the  two  coarser  fractions  appeared  to  contain  appreci- 
able amounts  of  embryo  tissue.  Assuming  that  one-half  of  the 
intermediate  fraction  was  bran  and  that  the  endosperm  in  the  coars- 
'  est  fraction  was  approximately  equal  to  the  bran  remaining  in  the 
finest  fraction,  we  estimate  that  the  original  embryo  meal  before 
extraction  with  ether  contained  about  23.7  per  cent  of  pure  bran. 
From  the  starch  content  of  the  embryo  meal  we  also  estimate  its 
content  of  endosperm  at  23.5  per  cent  and  in  pure  embryo  tissue 
by  difference  at  52.8  per  cent.  Although  the  above  method  of  de- 
termining the  composition  of  the  commercial  embryo  meal  used 
for  the  experiments  to  be  described  later  permits  only  a  rough  esti- 
mate, it  gives  the  best  idea  of  the  character  of  this  meal  that  we 
have  been  able  to  obtain. 

The  following  tabulation  shows  the  proportion  of  nitrogen  and 
protein  contained  in  this  embryo  meal,  dried  at  110°. 


Endosperm  (N 
Bran  ( " 

Kmbryo        ( 


^t 


1.92  per  cent) 
2.88  "  "  ) 
7.0      "      "    ) 


percent 
=  23.5 

=  23.7 
=  52.8 


Total  N  in  meal, 
Found 


Commercial  embryo  meal  contains 


4.84 
4.96 


The  nitrogen  and  protein  in  this  meal  were  in  the  following 
proportions: 


Nitrc^en. 

Protein 

I  n  endosperm 

per  cent 

9.5  (N 
14.1  (" 
7(5.4  (" 

X  5.7) 
X  6.25) 
X  6.25) 

per  cent 
8.7 

'*    bran 

14.2 

*'    embryo 

77  1 

100.0 

100  0 
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Thus  although  only  a  little  more  than  one-half  of  the  embr>'o 
meal  was  probably  pure  embrj'o,  more  than  three-quarters  of  the 
nitrogen  belonged  to  that  part  of  the  seed! 

Seed  Coats  or  Bran. 

Wheat  bran  is  made  up  of  several  layers  of  cells  which,  when 
the  seed  is  dry,  adhere  so  firmly  to  one  another  that  they  are  re- 
moved by  the  milling  process  in  comparatively  large  pieces.  By 
sifting  and  other  mechanical  means  much  is  obtained  nearly  free 
from  embryo  and  endosperm.  As  the  separation  is  never  perfect, 
however,  even  the  purest  commercial  bran  always  contains  a  little 
endosperm  and  possibly  traces  of  embryo. 

The  most  conspicuous  layer  of  cells  composing  bran  is  the  in- 
nermost one  which,  in  the  entire  seed,  lies  next  to  the  endosperm. 
This  layer  does  not  belong  strictly  to  the  outer  seed  coats,  for  it 
is  supposed  to  be  a  continuation  of  the  embryo.  For  the  purposes 
of  our  present  study  it  must  be  included  with  the  true  seed  coats 
because  it  is  always  removed  with  these  latter  in  the  milling  proc- 
ess. The  cells  of  this  inner  layer  are  thick-walled  and  contain  a 
large  part,  perhaps  the  whole,  of  the  protein  of  the  bran.  Unfortu- 
nately the  thick  walls  of  these  cells  miake  it  so  difficult  to  extract 
the  proteins  from  bran  that  these  have  never  been  obtained  in  suf- 
ficient quantity  or  in  suitable  condition  for  determination  of  their 
physical  or  chemical  characters.  From  the  little  that  is  known 
about  these  proteins,  however,  it  is  evident  that  they  are  unlike 
those  of  the  gluten  which  constitute  approximately  80  per  cent  of 
the  protein  of  the  endospenn.  Chemically,  as  well  as  structurally, 
bran  diflfers  greatly  from  the  embryo  and  endosperm  and  conse- 
quently also  in  its  nutritive  value.  The  thick  cell  walls  which  en- 
close so  large  a  part  of  its  nutrients  render  the  digestion  of  these 
difficult  for  man,  while  cattle  and  poultry  with  their  type  of  diges- 
tive organs  utilize  them  readily. 

As  it  is  practically  impossible  to  prepare  large  quantities  of  bran 
any  freer  from  other  parts  of  the  seed  than  the  so  called  pure  bran 
of  commerce,  we  have  used  a  preparation  of  the  latter  for  the  feed- 
ing experiments  described  in  this  paper.  The  approximate  pro- 
portion of  the  various  groups  of  constituents  contained  in  this 
preparation  of  bran  is  shown  by  the  following  data  obtained  by  the 
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same  conventional  method  as  was  employed  in  analyzing   the 
wheat  embryo. 

Composition  of  Commercial  Bran,  Moisture-Free. 

percent 

Sucrose 1 .  64 

Dextrin 4.19 

Starch 13.39 

Pentosans,  etc 27.58 

Protein  (N  X  6.25) 17.00 

Fiber 9.37 

Fat 7.07 

Ash 7.24 

Undetermined 12.52 

100.00 

Careful  examination  of  this  sample  of  bran  showed  that  it  was 
practically  free  from  embr>'o.  Since  it  contains  starch  it  must  con- 
sequently contain  endospenn,  for  microscopic  examination  shows 
that  none  of  the  layers  of  cells  which  constitute  really  pure  bran 
contains  starch.  The  amount  of  endospenn  in  our  commercial 
bran  can,  therefore,  be  estimated  from  its  starch  content  at  about 
17  per  cent.  On  this  assumption  the  above  analysis  can  be  cor- 
rected to  show  more  nearly  the  approximate  composition  of  pure 
bran. 

Approximate  Composition  of  Pure  Bran,  Moisture-Free, 

per  cent 

Sucrose 1.92 

Dextrin 5.03 

Starch 0.00 

Pentosans,  etc 32.77 

Protein  (N  X  0.25) 18.00 

Fiber II . IS 

Fat 8.26 

Ash - 8.61 

rndetermined 14.23 

100.00 

The  proportion  of  nitrogen  and  protein  in  the  commercial  bran 
wliich  we  used  was  approximately  as  follows,  calculated  moisture- 
free  : 
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Commercial  bran  contains 

• 

Nitrogen. 

Protein. 

Endosperm  (N  =  1 .96  per  cent) 

percent 

0.33  (N  X  0.7) 
2.39  ("   X  6.25) 

2.72 

percent 
1.88 

Bran             ("  =  18.0    "      "    ) 

14.94 

• 

16.82 

Of  the  total  protein  in  this  preparation  11.2  per  cent  belonged 
to  endosperm  and  88.8  per  cent  to  the  pure  bran. 

Endosperm, 

The  endosperm  forms  about  84  p^r  cent  of  the  entire  seed,  the 
proportion  varying  with  the  plumpness  of  the  grain.  This  part 
of  the  seed  furnishes  food  for  the  growing  embryo.  Unlike  the 
constituents  of  the  embryo,  those  of  the  endosperm  are  relatively 
stable  substances,  designed  by  nature  to  remain  unchanged  until 
the  germinating  embryo  draws  on  them  for  its  first  supply  of 
food. 

The  following  figures  show  the  proportion  of  approximate  con- 
stituents of  the  wheat  flour  which  we  used. 

Composition  of  Wheat  Flour,  Maisture-Free. 

percent 

Sucrose 0.24 

Dextrin,  etc 3.63 

Starch 77.52 

Pentosans .' 1 .80 

Protein  (N  X  5.7) 11.44 

Fiber 0.34 

Fat 1.15 

Ash 0.43 

Undetermined 3.45 

100.00 

In  contrast  to  the  other  parts  of  the  seed  the  endosperm  is  char- 
acterized by  its  very  high  starch  content  which,  with  the  protein, 
equals  nearly  89  per  cent  of  the  whole.  Since  most  of  the  pro- 
tein of  the  endosperm  contains  17.5  per  cent  of  nitrogen  we  have 
employed  the  factor  5.7  in  estimating  the  percentage  of  protein 
from  the  nitrogen  content  of  the  flour. 
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The  greater  part  of  the  total  protein  of  the  wheat  kernel  is  stored 
in  the  large  eclls  of  the  endospenn.  Of  this  about  80  per  cent 
consists  of  two  kinds,  gliadin  and  glutenin.  These  proteins  unite 
to  form  the  gluten,  characteristic  of  wheat,  which  is  physically 
and  chemically  unlike  any  protein  product  obtainable  from  other 
seeds.  The  unique  physical  properties  of  wheat  gluten  render 
flour  made  from  this  grain  better  for  making  Ji)read  than  that  ob- 
tained from  the  seeds  of  any  other  cereal.  The  tenacious  charac- 
ter of  wheat  gluten  when  combined  with  water  is  such  that  the  car- 
bonic acid  liberated  by  yeast  when  bread  is  leavened  is  so  retained 
within  the  loaf  as  to  impart  to  it  a  special  lightness  wliich  cannot 
be  secured  by  using  any  other  flour. 

Whole  Wheat  Kernel, 

The  proteins  of  the  wheat  kernel  have  been  extensively  studied 
in  this  lal)orator>''  and  the  knowledge  thus  gained,  as  well  as  that 
obtained  in  other  laboratories,  has  been  critically  reviewed  in  a 
later  publication.^®  The  relative  proportion  of  amino-acids  sup- 
plied by  the  wheat  proteins  is  quite  unlike  that  furnished  by  most 
other  food  proteins.  Thus  when  hydrolyzed  gliadin  yields  two 
and  one-half  times  more  ammonia,  three  or  four  times  more  glu- 
taminic  acid  and  proline,  and  only  one-third  to  one-fourth  as  much 
basic  amino  nitrogen  as  do  most  food  proteins.  Furthermore, 
gliadin  yields  so  little  lysine"  that  young  animals  grow  extremely 
slowly  when  fed  on  diets  containing  gliadin  as  the  sole  source  of 
protein  unless  lysine  is  added  t©  their  food.^^  The  products  of 
hydrolysis  of  gliadin  have  been  studied  in  this  laboratory*  and 
more  recent  data  were  summarized  later.^' 

Glutenin  yields  relatively  largo  proportions  of  ammonia  and 
glutaminic  acid,  though  less  than  gliadin  yields;  also  more  basic 
amino-acids*  and  enough  lysine  to  permit  of  good  growth  when 
animals  are  fed  on  diets  containing  suflScient  glutenin  as  the  only 

»  Osborne,  T.  B.,  and  Voorhees,  C.  G.,  -4m.  Chem.  J.,  1893,  xv,  392 

'°  Osborne,  T.  B.,  Carnegie  Institutioii  of  Washington,  Publication  8i, 
1<X)7. 

"  Osborne,  T.  B.,  Van  Slyke,  D.  D.,  Leavenworth,  C.  S.,  and  Vinograd. 
M.,  J.  Biol.  Chem.,  1915,  xxii,  259. 

12  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chem.,  1914,  xvii,  325. 

"  Osborne,  T.  B.,  and  Guest,  H.  H.,  J.  Biol.  Chem.,  1911,  ix,  425. 
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protein.**  All  of  the  amino-acid  deficiencies  of  gliadin  are,  to  some 
extent,  supplemented  by  glutenin,  so  that  wheat  gluten  affords  a 
mixture  of  proteins  on  which  young  animals  grow  fairly  wellJ^ 

Besides  gliadin  and  glutenin  the  wheat  endospemi  (wheat  flour) 
yields  a  small  proportion  of  globulin,  albumin,  and  proteose.' 
Since  similar  proteins  have  been  found  in  the  embryo*  possibly 
their  presence  in  flour  may  be  due  in  part  to  an  incomplete  separa- 
tion of  the  embr>'o  in  milling. 

The  relatively  large  proportion  of  araimonia,  glutaminic  acid,  and 
proline  yielded  by  the  proteins  of  wheat  flour  compared  with  that 
yielded  by  proteins  from  other  sources  commonly  used  for  food  must 
have  a  marked  influence  on  the  nutritive  value  of  white  flour. 
Evidence  of  this  is  indicated  by  the  experiments  described  in  this 
paper,  but  further  studies  of  this  question  should  be  made  under 
more  rigorously  controlled  conditions. 

The  accompanying  figures  give  the  proportion  of  the  proximate 
constituents  of  the  whole  wheat  used  for  most  of  the  experiments 
described  in  this*  paper,  as  detennined  by  an  analysis  which  we 
have  made  according  to  the  conventional  methods  employed  for 
the  analysis  of  the  other  parts  of  the  kernel.  The  latter  are  here 
reproduced  so  that  the  very  marked  differences  in  their  chemical 
composition  may  be  the  more  readily  appreciated. 


Sucrose 

Dextrin,  etc 

Starch 

Pentosans,  etc... 
*' Crude  protein" 

Fiber 

Fat 

Ash 

Undetermined... 


Wholewheat. 

Endoeperip. 

Bran. 

percent 

percent 

pereenl 

0.61 

0.24 

1.921 

2.01 

3.63 

5.03/ 

63.80 

77.52 

0.00 

6.27 

1.80 

32.77 

11.25 

11.17 

17.60 

1.75 

0.34 

11.18 

2.18 

1.15 

8.26 

2.03 

0.43 

8.61 

10.10 

3.72 

14.63 

100.00 

lOOlOO 

100.00 

Embryo. 
percent 

24.34  . 

0.00 
? 

• 

^.25 

1.71 

13.51 

4.82 
15.37 

100.00 


"  Osborne,  T.  B.,  and  Mendel,  L.  B.,  Carnegie  Institution  of  Waahingtonf 
Publication  156,  pt.  2,  1911. 

"  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol,  Chem.,  1917,  xxix,  69. 
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While  we  recognize  that  the  above  analyses  may  be  fairly  criti- 
cized on  many  grounds  they  serve  to  illustrate  the  very  wide  dif- 
ferences in  the  proportion  of  the  various  types  of  nutrients  in  the 
different  parts  of  the  wheat  kernel  into  which  it  is  separated  by  the 
miller. 

Milling. 

In  the  old  fashioned  process  of  milling,  the  entire  kernel  was 
ground  between  stones  and  the  flour  obtained  by  sifting  through 
reels  covered  with  fine-meshed  silk  cloth.  Owing  to  the  tough 
fibrous  structure  of  the  outer  coats  of  the  seed  (bran)  the  greater 
part  of  this  was  removed,  but  a  portion  of  the  bran  together 
with  most  of  the  embryo,  or  germ,  passed  through  the  sieve  and 
was  mixed  with  the  flour.  The  product  of  this  old  fashioned  mill- 
ing was  essentially  the  so  called  "entire  wheat  flour."  When  the 
bolting  process  was  omitted  and  the  coarse  bran  left  in  the  ground 
product  it  has  been  known  as  graham  flour. 

Owing  to  the  presence  of  the  germ,  flour  made  m  this  crude  way 
cannot  be  kept  long;  and  inasmuch  as  the  bread  made  from  such 
flour  is  dark  in  color  the  method  of  grinding  wheat  with  stones  has 
been  almost  entirely  superseded  by  the  Hungarian  or  roller  mill 
process.  The  purpose  of  this  is  to  separate  the  kernel  into  the 
three  parts  into  which  it  is  anatomically  differentiated,  namely 
the  outer  seed  coats  or  bran,  the  embryo  or  germ,  and  the  endo- 
sperm or  berry  of  the  grain.  To  accomplish  this  the  grain  is  re- 
duced to  particles  of  successively  smaller  size;  and  by  interposing 
suitable  siftings  on  cloths  of  carefully  chosen  mesh  the  bran 
and  germ  are  very  completely  separated  from  the  flour.  In  car- 
rj'ing  out  this  process  about  30  per  cent  of  the  kernel  is  obtained, 
mostly  as  mixtures  of  all  parts  of  the  seed  which  cannot  profitably 
be  further  separated.^*  These  mixtures  are  chiefly  used  for  feed- 
ing domestic  animals.  It  commonly  has  been  assumed  that  high 
grade  flour,  from  which  bran  and  genn  have  been  so  completely 
removed,  is  less  nutritious  than  that  made  by  the  older  process; 
but  little  convincing  evidence  as  to  the  justification  for  this  as- 
sumption has  been  presented  until  recently. 

^^  A  scheme  representing  the  successive  steps  in  the  flour  milling  process 
has  been  published  by  Voegtlin,  C,  and  Myers,  C.  N.,  Public  Health  Rep., 
1918,  xxxiii,  911. 
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Nutritive  Value  of  the  Wheat  Kernel  and  Its  Parts. 

Literature, — Although  the  nutritive  value  of  the  wheat  kernel 
has  been  the  subject  of  extensive  investigations  they  have  re- 
lated almost  wholly  to  the  digestibility  and  utilization  of  its  vari- 
ous parts  and  constituents.  Since  these  studies  have  at  present 
but  little  bearing  on  the  subjects  discussed  in  this  paper  we  will 
limit  our  review  to  the  more  recent  investigations  directly  con- 
cerned with  the  problems  we  have  studied. 

The  wheat  kernel  as  a  whole^  according  to  McCollum,  Simmonds, 
and  Htz,^^  contains  sufScient  water-soluble  vitamine  as  well  as 
protein  of  suitable  quality  to  promote  nearly  normal  growth  in 
rats,  provided  the  grain  is  supplemented  with  adequate  salts  and 
fat-soluble  vitamine.  In  their  experiments,  however,  reproduc- 
tion was  not  normal  until  the  protein  of  the  ration  was  modified  by 
the  addition  of  casein. 

The  wheat  embryo,  according  to  the  same  authors,^'  contains 
proteins  of  very  superior  quality,  and  an  abundance  of  the  water- 
soluble  vitamine.  The  content  of  inorganic  elements  is  inade- 
quate and  the  amount  of  fat-soluble  vitamine  is  insufficient  to 
promote  adequate  growth  when  the  embryo  is  depended  upon  to 
furnish  these  essential  constituents  of  the  ration.  They  also 
believe  that  the  germ  contains  something  which  is  distinctly  toxic 
to  animals,  and  can  be  partially  removed  by  extraction  with 
ether.     With  reference  to  this  toxicity  of  wheat,  Hopkins^®  says: 

**It  is  claimed  that  part  of  the  symptoms  displayed  by  animals  on  an  ex- 
clusive wheat  dietary  containing  the  whole  grain  are  due  to  a  toxic  factor. 
I  am  not  quite  sure  that  the  evidence  for  this  view  is  yet  sufficient.  Still 
further  observations  of  a  quantitative  sort  involving  the  adjustment  of 
deficiencies  seem  first  called  for.  Nevertheless,  an  oil  with  definitely  toxic 
properties  has  been  extracted  from  the  wheat  embryo." 


Likewise  Voegtlin  and  Myers^^  assert  that  no  evidence  of  a 
toxic  action  of  a  whole  wheat  diet  was  obtained  in  the  experi- 

1'  McC^ollum,  E.  v.,  Simmonds,  N.,  and  Fitz,W.,  J.  Biol. Chcm.,  1916-17, 
xxviii,  211.    McCollum,  E.  V.,  and  Davis,  M.,  ibid.,  1915,  xxi,  615. 

'•  McCollum,  E.  v.,  Simmonds,  N.,  and  Pitz,  W.,  J.  Biol.  Chem.,  1916, 
XXV,  105. 

*'  Hopkins,  F.  G.jAnn.  Rep.  on  Progress  of  Chcm.  1917 f  Chem.  Soc.  Lon- 
don,  1918,  xiv,  180. 

"  Voegtlin,  C,  and  Myers,  C.  N.,  Public  Health  Rep.,  1918,  xxxiii,  843. 


570  Nutritive  Value  of  Wheat  Kernel 

ments  on  squabs  which  were  fed  on  whole  wheat  meal,  supple- 
mented by  a  suitable  salt  mixture."  These  investigators,  speak- 
ing of  the  growth-promoting  properties  of  foods  deriveci  from 
corn  and  wheat,  arrived  at  the  following  conclusions: 

**The  'highly  milled'  products  are,  without  exception,  inferior  in  dietary 
value,  as  regards  growth,  to  foods  prepared  from  the  whole  grain.  It  is 
rather  surprising  that  such  delicate  organs  as  the  gastro-intcstinal  tract 
of  young  mice  can  tolerate  a  diet  containing  a  large  amount  of  bran.  This 
fact,  however,  does  not  necessarily  ipean  that  it  is  advantageous  to  include 
the  bran  in  foods  intended  for  hiunan  nutrition.  On  the  contrary,  the  ex- 
periences with  'war  bread'  would  rather  indicate  that  persons  with  delicate 
digestion  are  subject  to  temporary  digestive  disturbances  as  a  result  of  a 
change  from  'white'  bread  to  bread  containing  a  considerable  percentage  of 
bran  ('war  bread').  On  the  other  hand,  from  the  standpoint  of  dietary 
coiiipleteness,  a  bread  including  all  of  the  grain,  with  the  exception  of  the 
sui)erficial  cellulose  layer,  is  undoubtedly  superior  to  the  so-called  white 
bread,  made  from  'highly  milled'  flour,  and  would  not  possess  the  above- 
mentioned  objectionable  features.  The  'white'  bread  used  in  these  experi- 
ments was  not  adequate  for  maintaining  normal  growth,  in  spite  of  the  fact 
that  it  was  prepared  with  some  evaporated  milk  and  yeast.  The  most  sig- 
nificant defect  of  'white'  flour  is  the  deficiency  in  ant  incur  itic  and  fat- 
soluble  vitaminc;  it  is  also  deficient  in  adequate  protein  and  inorganic  salts. 
A  wheat  flour,  containing  a  considerable  part  of  the  germ  and  superficial 
layers  of  the  grain,  supports  growth  of  mice  and  pigeons  especially  well 
when  Hupplemented  with  inorganic  salts.  The  same  is  true  of  'whole 
wheat'  bread." 

The  nutritive  value  of  ttie  endospenn  proteins,  gliadin  and 
glutenin,  has  been  the  subject  of  earlier  reports  ^  by  us.^^  On 
otherwise  adequate  diets  in  which  glutenin  represents  practically 
the  sole  source  of  protein,  growth  can  readily  be  induced;  not  so, 
however,  when  gliadin,  low  in  its  >4eld  of  lysine,  is  similarly 
employed. 

From  the  publications  cited  it  appears  that  the  wat^r-soluble 
vit amine  is  chiefly,  if  not  wholly,  located  in  the  embryo;  that  the 
proteins  of  the  entire  kernel,  eaten  in  sufScient  quantity,  are  ade- 
quate for  normal  growth;  that  the  proteins  of  the  embryo  are 
superior  to  those  of  the  endosperm  in  promoting  growth;  that 
the  proteins  of  the  endosperm  are  probably  inferior  in  this  respect 
to  those  of  the  entire  kernel;  and  that  better  growth  can  be  made 
when  the  proteins  of  the  endosperm  are  supplemented  by  casein 

21  Osborne,  T.  B.,  and  Mendel.  L.  B  ,  J.  Biol.  Chem.,  1912,  xii,  473. 


V 


T.  B.  Osborne  and  L.  B.  Mendel  571 

than  when  fed  as  the  sole  source  of  protein.  However,  owing 
to  lack  of  data  concerning  food  intakes  only  very  general  con- 
clusions respecting  the  relative  content  in  water-soluble  vitamine, 
or  of  the  nutritive  value  of  the  proteins  of  the  endosperm  and 
embryo  of  the  wheat  kernel,  can  be  formed.  Furthermore  practi- 
cally no  information  is  available  regarding  wheat  bran  in  respect 
to  these  nutritive  factors. 

Accordingly  we  have  undertaken  an  extensive  series  of  experi- 
ments on  rats  for  the  purpose  of  comparing  quantitatively  the 
entire  wheat  kernel  and  its  milling  products:  wheat  flour,  wheat 
embryo,  and  wheat  bran,  with  respect  to  the  nutritive  value  of 
their  proteins,  and  their  content  of  water-soluble  vitamine,  both 
for  the  maintenance  of  adult  rats  and  the  growth  of  young  ones. 

EXPERIMENTAL. 

Entire  Wheat  Kernel  as  a  Source  of  Protein. 

Maintenance  Experiments. — Special  difSculties  are  encountered 
in  determining  the  protein  minimum  for  maintenance,  some  of 
which  we  have  discussed  in  a  former  paper.^  The  additional 
experience  gained  in  making  the  present  experiments  still  further 
emphasizes  these  difSculties  and  has  raised  new  questions  which 
must  be  answered  before  we  can  draw  very  precise  conclusions 
from  the  results  obtained. 

An  inspection  of  the  charts  shows  that  protein  intake  and  gain 
or  loss  of  body  weight  do  not  run  closely  parallel,  periods  of  slight 
gain  in  weight  often  being  followed  by  a  similar  loss,  although 
somewhat  more  protein  was  eaten  in  the  latter  period.  Many 
cases  where  the  converse  is  true  are  also  to  be  observed.  Occa- 
sional variations  of  5  to  10  gm.  in  the  weight  of  adult  rats  are 
of  no  importance  in  interpreting  the  results  of  these  experiments, 
for  such  are  to  be  attributed  to  more  or  less  food,  water,  or  feces 
in  the  animal  at  the  time  of  weighing.  A  continued  gain  or  loss, 
however,  extending  over  several  periods  of  weighing  may  be  con- 
sidered to  represent  a  real  change  in  the  weight  of  the  animal. 
The  present  series  of  experiments  also  has  indicated  that  the 
vitamine  concentration  of  the  diet  may  have  influence  on  the 

"  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chem.f  1915,  xxii,  241. 
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Chart  I.  The  figures  on  the  curves,  indicating  mg.  of  protein  eaten 
weekly  per  gm.  of  body  weight,  show  that  when  whole  wheat  furnishes  all  of 
the  protein  and  water-soluble  vitamine  of  an  otherwise  adequate  dietary 
rats  are  not  maintained  unless  their  average  weekly  protein  intake  is 
above  20  mg.  per  gm.  of  body  weight. 

The  composition  of  the  food  mixtures  was  as  follows: 


• 

6  per  cent 
orotein 

(NX  6.7). 

6.5  per  cent 

protein 
(NX  6.7). 

7  per  cent 

protein 

(NX  6.7). 

10  per  cent 

protein 
(N  X  6.7). 

Whole  wheat 

percent 

44 
3 

28 

9 

16 

percent 

60 

3 
12 

9 
16 

percent 

63 

3 

9 

9 
16 

percent 
92 

Salt  mixture 

3 

Starch 

Butter  fat 

5 

Lard 

The  composition  of  the  salt  mixture  was: 


gm, 

CaCOj 134.8 

MgCOj 24.2 

NatCOi 34.2 

KtCO, 141.3 

HjP04 103.2 

HCl 53.4 

HtS04 9.2 


gm. 


Citric  acid  +  HtO '.  111.1 

Fe  citrate  U  HjO 6.34 

KI 0.020 

MnSOi 0.079 

NaF 0.248 

KtAU(S04)4 0.0245 


The  chemicals  used  were  analyzed  and  allowance  was  made  for  moisture, 
etc.  The  acids  were  mixed  and  the  carbonates  and  ferric  citrate  added  to 
them.  The  traces  of  KI,  MnSOi,  NaF,  and  KtAlt(S04)4  were  added  as 
solutions  of  known  concentrations.  The  final  resulting  mixture  was 
evaporated  to  dryness  in  a  current  of  air  at  90-100°C.,  and  ground  to  a 
fine  powder. 
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protein  requirement;  but  concerning  this  we  are  not  able  to  speak 
positively. 

Rats  were  fed  on  foods  containing  10  and  5  per  cent  of  protein 
(N  X  5.7)  furnished  by  whole  wheat  ground  in  the  laboratory. 
In  order  to  obtain  a  food  containing  as  much  as  10  per  cent  of 
protein,  it  was  necessary  to  mix  the  ground  wheat  with  salts, 
butter  fat,  and  water  and  bake  into  cakes.  The  foods  containing 
lower  proportions  of  protein  could  be  made  into  a  coherent  mass 
with  an  abundance  of  fat  in  the  manner  of  our  standard  foods. 

Chart  I  shows  that  when  rats  were  fed  ad  libitum  with  the  food 
containing  10  per  cent  of  wheat  protein  they  were  well  main- 
tained for  many  weeks,  although,  for  some  reason  not  apparent, 
during  the  first  2  or  3  weeks  a  loss  of  weight  followed  the  change 
from  a  mixed  diet  to  the  experimental  ration.  The  amount  of 
protein  eaten  (27  to  48  mg.  per  gm.  of  body  weight)  was  thus 
found  to  be  sufficient  for  maintenance.  Another  set  of  rats  (see 
Chart  I)  supplied  with  food  containing  only  5  per  cent  of  protein 
from  the  same  whole  wheat  declined  steadily  in  weight  during 
many  weeks,  although  they  received  all  the  food  they  would  eat. 
These  rats  ate  on  the  average  about  16  mg.  of  protein  per  gm.  of 
body  weight.  In  order  to  show  that  the  low  content  in  protein, 
and  not  the  total  quantity  of  food  eaten,  was  responsible  for  the 
falling  weight,  the  same  amount  of  food  was  fed  daily,  but  con- 
taining 7  per  cent  of  protein.  Chart  I  shows  that  under  this  con- 
dition of  feeding  body  weight  was  well  maintained  and  that  an 
intake  of  about  23  mg.  of  the  total  proteins  per  gm.  of  body  weight 
per  week  is  sufficient  for  maintenance  during  relatively  long  periods. 
From  the  results  of  these  experiments  we  conclude  that  less  than 
20  mg.  of  the  total  wheat  protein  are  insufficient  for  prolonged  main- 
tenance of  most  adult  rats  and  that  in  general  about  23  mg.  are 
sufficient. 

These  figures  show  that  for  maintenance  the  proteins  of  the 
wheat  kernel  are  not  greatly  inferior  to  casein,  edestin,  or  even 
to  the  total  proteins  of  milk,  but  are  somewhat  superior  to  gliadin.^ 

• 

Growth  Experiments. — Owing  to  the  low  protein  content  of  wheat 
kernel  used  for  our  experiments^  it  was  impossible  to  prepare  a 
food  comparable  to  our  earlier  mixtures  in  fat  content  and  calorific 

*'  Owing  to  the  shortage  of  wheat  we  were  compelled  to  use  such  samples 
of  wheat  and  flour  as  we  could  obtain  locally. 
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value,  and  still  containing  more  than  8  |>er  cent  of  protein.  Diets 
with  lower  contents  furnish  too  little  protein  for  normal  growth. 
Accordingly  a  food  was  prepared  containing  92  per  cent  of  the 
whole  wheat  kernel  ground  in  the  laboratory  (=  ca.  10  per  cent 
protein,  N  X  5.7)  supplemented  with  salts  and  only  5  per  cent  of 
butter  fat.  This  was  mixed  with  enough  water  to  make  a  soft 
dough  and  fed  either  in  the  moist  form,  or  after  drj'ing  in  hard 
cakes.  In  some  cases,  the  unground  kernels  were  smeareil  with 
the  mixture  of  butter  fat  and  salts  and  fed  whole.  The  last  method 
was  the  least  satisfactory,  because  some  of  the  rats  at  times  ate 
the  embryos,  leaving  a  part  of  the  bran  and  endaspenn  uneaten, 
so  that  their  diet  was  not  strictly  representative  of  the  entire  grain. 
As  these  foods  were  much  lower  in  calorific  value  than  our  ordi- 
nary- mixtures  containing  25  to  30  per  cent  of  fat,  the  rats  ate 
about  50  per  cent  more  of  these  rations  than  of  our  "standard" 
foods,  and  thus  actually  consumed  as  much  total  protein  as  rats 
on  our  ordinary  fat-rich  diets  which  contain  15  to  17  per  cent 
protein.  This  is  a  further  illustration  of  how  misleading  may  be 
conclusions  based  on  the  percentage  of  protein  in  the  food  when 
nothing  is  known  regarding  the  amount  of  food  and  protein  eaten.-* 

These  experiments,  for  which  graphic  records  are  shown  in 
Chart  II,  demonstrate  that  the  wheat  proteins  considered  in 
their  entirety  are  adequate  for  promoting  normal  growth  if  eaten 
in  sufficient  amount. 

We  can  thus  substantiate  the  evidence  that  the  proteins  of  the 
entire  wheat  kernel  suffice  to  promote  the  growth  of  rats  to 
normal  adult  size.  The  quantity  of  protein  required  is,  however, 
relatively  large. 

Wheat  Embryo  as  a  Source  of  Protein, 

The  embryo  constitutes  about  1.5  per  cent  of  the  entire  kernel. 
The  protein  value  of  the  embryo  comes  into  prominence  in  mill- 
ing by-products,  although  from  a  protein  standpoint  when  the 
whole  wheat  is  used  the  embryo  can  play  a  small  role  at  best. 
Commercial  wheat  embryo  meal  contains  relatively  large  amounts 
of  both  bran  and  endosperm,  the  proportions  often  being  quite 

-*  This  point  has  boon  discussed  olsewhoro;  sec  Osborne,  T.  B.,  and  Men- 
del, L.  H.,  ./.  Jiiol.  Chvm.,  IDIS,  xxxiv,  521. 
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unlike  in  different  samples.  The  preparation  used  for  these  experi- 
ments, which  contained  about  50  per  cent  only  of  the  pure  embryo 
has  already  been  described  on  page  561.  Although  preparations 
containing  a  larger  proportion  of  embryo  are  obtainable,  such 
were  not  available  at  the  time  these  experiments  were  undertaken. 
From  the  results  of  our  analyses  of  this  preparation  it  appears 
that  about  77  per  cent  of  the  nitrogen  in  the  commercial  embryo 
meal  used  for  the  experiments  here  described  belongs  to  the  pure 
embryo. 

Maintenance  Experiments. — Adult  rats  have  been  well  main- 
tained for  several  weeks  on  a  diet  containing  about  10.4  per  cent 
of  "crude  protein"  (N  X  6.25)  derived  entirely  from  commercial 
wheat  embryo  meal  equivalent  to  about  8.1  per  cent  of  "crude 
protein'*  from  the  pure  embryo  (see  Chart  III).  The  quan- 
tities of  food  which  these  animals  ate  gave  them  a  weekly  pro- 
tein intake  of  24  to  50  mg.  per  gra.  of  body  weight.  That  these 
quantities  are  above  the  minimum  for  maintenance  is  shown  in 
Chart  III  by  Rat  3904  9  which  was  maintained  for  5  weeks  on 
an  average  of  20  mg.,  and  by  Rat  4007  9  ,  maintained  for  6  weeks 
on  about  1%  mg.  of  the  commercial  embryo  protein  per  week, 
the  "crude  protein"  content  of  their  rations  being  5.2  percent. 
Both  of  these  rats,  however,  declined  slightly,  during  the  period 
of  feeding  as  a  whole,  and  Rat  3675  cf  declined  rapidly,  although  the 
protein  intake  per  gm.  of  body  weight  was  quite  as  large  as  that 
of  Rat  4007.  Why  this  rat  declined  is  not  clear,  especially  as 
subsequently  it  recovered  promptly  on  a  mixed  diet. 

Our  evidence  is  scarcely  sufficient  to  justify  final  conclusions 
as  to  the  minimum  quantity  of  embryo  protein  required 
for  maintenance.  However,  the  data  indicate  that  the  **crude 
protein''  in  this  commercial  embryo  meal  was  more  efficient  for 
maintenance  than  is  that  of  the  entire  wheat  kernel. 

Growth  Experiments. — The  proteins  of  the  wheat  embryo  are 
much  more  efficient  than  those  of  the  entire  kernel  for  promoting 
growth.  Diets  containing  as  little  as  7.0  per  cent  of  "crude 
protein"  (N  X  6.25)  of  which  77.1  per  cent  was  from  the  embryo, 
14.2  per  cent  from  bran,  and  8.7  per  cent  from  endospenn,  in- 
duced considerable  growth  in  rats  (Chart  IV,  Rats  4580 cf,  4571  d^, 
4587  9  ,  4573  9  ,  Period  1);  and  when  the  protein  amounted  to  13.7 
per  cent  the  animals  made  practically  normal  growth  during 
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snvora!  montKs  (CKart  IV,  Rats  4621  S,  4601  d',  4608 cT,  4604?, 
and  Itats  4580^",  4571c:?',  45879,  45739,  Period  2). 

Table  I  shows  the  growth-proniotiDg  value  of  the  proteins  of 
the  embryo  of  wheat  in  comparison  with  those  of  wheat  bran, 
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of  gain  per  gm.  of  protein  eaten  during  4  weeks  was  1.60  gm. 
In  these  experiments  growth  was  obviously  determined  by  the 
amount  of  protein  eaten;  hence  this  figure  may  be  accepted  as 
a  fair  numerical  expression  of  the  value  of  the  embryo  proteins 
for  growth,  and  shows  that  the  "crude  protein"  of  the  embryo 
is  more  efficient  than  that  of  the  entire  kernel  and  decidedlv  more 
so  than  that  of  the  endosperm  or  wheat  flour  (see  Tables  II  and 
III). 

Wheat  Bran  as  a  Source  of  Protein. 

Growth  Experiments, — On  a  diet  containing  55  per  cent  of  com- 
mercial wheat  bran,  which  furnished  9  per  cent  of  protein  (N  X 
6.25),  88.5  per  cent  of  which  was  from  bran  and  11.5  per  cent  from 
endosperm,  one  rat  grew  at  a  nearly  normal  rate  for  several  weeks, 
although  three  other  animals  on  the  same  diet  grew  very  little. 
Analysis  of  the  feces  of  these  four  rats  showed  that  75  to  80  per 
cent  of  the  total  food  and  70  to  75  per  cent  of  the  nitrogen  was 
utilized.  The  one  rat  which  grew  well  ate  very  liberal  quan- 
tities of  the  food,  proving  that  the  "crude  protein"  in  bran  is 
adequate  for  growth  if  enough  is  eaten  (see  Chart  IV,  Rat 
4635). 

The  data  given  in  Table  I  show  that  the  "crude  protein"  of 
wheat  bran  has  a  higher  value  for  the  growing  animal  than  does 
that  of  the  embryo.  This  one  rat,  which  grew  well  on  a  diet  con- 
taining 9.05  per  cent  of  "crude  protein"  (N  X  6.25)  from  bran 
gained  2.05  gm.  in  body  w^eight  per  gm.  of  "crude  protein" 
eaten.  The  "crude  protein"  of  bran  appears  to  be  quite  as  ef- 
ficient as  that  of  the  combination  of  wheat  flour  with  egg, 
milk,  or  meat,  under  the  conditions  of  this  experiment  (see 
Table  II). 

If  we  assume,  as  is  almost  certainly  the  case,  that  the  pro- 
portion of  pure  protein  in  bran  is  less  than  that  of  the  "crude 
protein,"  as  estimated  by  multiplying  the  nitrogen  by  the  con- 
ventional factor  6.25,  the  efficiency  of  bran  protein,  if  it  could  be 
isolated  and  tested  in  the  pure  state,  would  unquestionably  be 
found  higher  than  that  of  the  "crude  protein."  It  must  not  be 
forgotten  that  our  estimate  of  the  value  of  the  latter  is  based  on 
a  single  experiment,  and  that  we  have  offered  no  evidence  to 
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prove  that  the  maximum  efficiency  of  the  "crude  bran  protein" 
has  been  finally  established.    The  concentration  of    protein  in 
the  bran  diet  fed,  however,  was  so  low  that  probably  growth 
which  was  not  quite  normal,  was  limited  by  the  amount  of  protein 
ingested.    These  data  indicate  that  the  agriculturist  is  justified  in 
his  high  estimate  of  the  value  of  wheat  bran  as  a  protein  concentrate. 

Wheat  Endosperm  as  a  Source  of  Protein. 

For  this  purpose  wheat  flour  (Famous  XXX  brand)  contain- 
ing, air-dry,  1.43  per  cent  N  equal  to  8.15  per  cent  protein  (N  X 
5.7)  was  used.  Efforts  to  obtain  flour  of  higher  protein  content 
failed  owing  to  the  restrictions  imposed  on  niilling  which  pre- 
vailed at  the  time  these  experiments  were  begim.  Since  this 
flour  was  so  low  in  protein,  it  was  necessary,  in  most  of  the  experi- 
ments, to  increase  the  protein  by  adding  wheat  gluten,  made  by 
washing  the  starch  out  of  the  same  lot  of  flour.  The  results  ob- 
tained were  presumably  not  seriously  affected  by  this  procedure 
because  upwards  of  80  per  cent  of  the  nitrogen  of  the  endosperm 
was  recovered  in  the  gluten  used. 

Maintenance  Experiments. — On  diets  containing  about  7.5  per 
cent  of  protein,  two-thirds  from  the  wheat  flour  and  one-third 
from  gluten,,  all  but  one  of  these  adult  rats  were  very  nearly  main- 
tained for  many  weeks  (see  Chart  V).  These  animals  ate  on  the 
average  23  to  26  mg.  of  protein  per  gm.  of  body  weight  per  week, 
quantities  essentially  like  those  found  to  be  adequate  for  main- 
tenance on  the  entire  kernel.  One  rat.  No.  3932cr ,  steadily  declined 
in  weight  on  this  intake  until  the  protein  of  the  gluten  was  re- 
placed by  an  equivalent  amount  of  meat  residue,  the  total  food 
intake  being  unchanged.  4  weeks  later  this  rat  was  killed  and 
found  to  have  infected  lungs.  Whether  or  not  this  disease  was 
the  cause  of  its  higher  protein  requirement  cannot,  of  course,  be 
determined.  The  addition  of  0.1  gm.  of  wheat  embryo  daily 
(Rats  3983*9  ,  3953  9 )  caused  the  animals  to  be  better  maintained 
although  their  food  intake  was  restricted  to  the  quantity  eaten 
during  the  previous  period  and  their  weekly  protein  intake,  about 
25  mg.  per  gm.  of  body  weight,  was  practically  imchanged. 
When  the  gluten  was  omitted  and  the  endosperm  dieta  contained 
only  about  5  per  cent  of  protein,  giving  the  animals  an  average 
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weekly  protein  intake  of  about  16  mg.  per  gm.  of  body  weight, 
all  declined  steadily,  showing  that  for  the  protein  of  the  wheat 
endosperm  this  quantity  is  too  low.  The  total  food  intake  dur- 
ing the  period  of  decline  had  previously  been  found  to  be  ade- 
quate for  maintenance.  When  1  per  cent  of  protein  as  meat 
residue  replaced  an  equal  quantity  of  wheat  flour  proteins  in  this 
5  per  cent  protein  diet  of  the  rats  which  were  declining,  and  a 
small  amoimt  of  commercial  wheat  embryo  was  fed,  to  compen- 
sate for  the  diminution  of  water-soluble  vitamine  due  to  replacing 
20  per  cent  of  the  flour  in  the  food  with  starch,  the  animals  were 
maintained  better,  although  their  food  intake  was  kept  unchanged. 
Their  weekly  protein  intake,  including  the  small  amount  fur- 
nished by  the  wheat  embryo,  averaged  about  18  mg.  per  gm.  of 
body  weight.  These  experiments,  together  with  that  on  Rat 
3932  in  the  period  during  which  it  had  meat  protein  but  no  added 
embryo,  indicate  that  when  a  suitable  protein  is  used  to  supple- 
ment the  amino-acid  deficiencies  of  the  wheat  proteins  less  pro- 
tein is  required  for  maintenance  than  when  wheat  flour  is  the  sole 
source  of  protein. 

Growth  Experiments.— Young  rats  have  made  almost  no  growth 
on  diets  all  the  protein  of  which  was  furnished  by  wheat  flour,  in 
spite  of  the  fact  that  they  consumed  as  much  food,  as  well  as  pro- 
tein per  week,  as  the  majority  of  rats  of  comparable  size  which 
have  grown  well  on  our  ordinary  rations,  similar  in  calorific  value 
and  protein  content.  When  fed  on  these  wheat  flour  diets  rats 
whose  final  average  body  weight  was  81  gm.  ate  on  the  average 
37  gm.  per  week,  whereas  the  majority  of  normally  growing  ani- 
mals of  80  gm.  of  body  weight  eat  weekly  about  38  gm.  of  food  of 
like  calorific  value.**  Hence  we  can  conclude  that  the  failure  of 
these  rats  to  grow  (see  Chart  VI,  Series  A)  was  not  due  to  insuffi- 
cient food  intake.  The  failure  to  grow  therefore  may  have  been 
due  to  either  a  deficiency  of  vitamine,  to  poor  quality  of  the  flour 
proteins,  or  to  both  of  these  factors  combined. 

Experiments  with  this  flour  as  the  sole  source  of  water-soluble 
vitamine  in  otherwise  adequate  diets  have  led  us  to  conclude  that 
even  60  per  cent  furnished  less  than  the  optimum  amount  of 
vitamine  for  growth  (see  p.  591).  We  accordingly  increased  the 
amount  of  vitamine  supplied  to  another  series  of  rats  (Chart  VI, 

2«  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chcm.,  1915,  xx,  351. 
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Chart  V.  The  figures  on  the  curves  show  that  a  weekly  protein  intake  of 
23  to  26  mfn.  per  gm.  of  body  weight  barely  suffices  to  maintain  adult  rata 
when  both  protein  and  water-soluble  vit amine  are  furnished  solely  by 
wheat  endosperm  (flour).  When  the  water-soluble  vit  amine  was  increased 
by  feeding  a  little  commercial  wheat  embryo  separately  and  the  quality  of 
the  protein  improved  by  replacing  one-fifth  of  the  endosperm  protein 
by  meat  protein,  Rat  3979  was  maintained  on  an  average  weekly  protein 
intake  of  16  mg.  per  gm.  of  body  weight.  The  proteins  of  flour  are  more 
economically  utilized  in  a  mixed  diet  containing  meat  and  supplying 
sufficient  water-soluble  vitamine.  Rat  3932  shows  the  effect  of  improving 
the  quality  of  the  protein  without  changing  the  vitamine  content  of  the 
ration.  The  failure  of  this  rat  to  be  maintained  on  a  protein  intake  equal 
to  that  of  Rats  3983,  3953,  3974,  and  3973  may  possibly  be  due  to  higher  vita- 
mine requirement  owing  to  its  relatively  large  size.  That  this  may  be  so 
is  indicated  by  other  experiments  which  we  are  now  making. 

The  comjwsition  of  the  food  mixtures  was  as  follows: 
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Series  B)  which  were  otherwise  fed  on  the  same  dietary  as  Series 
A,  by  giving  them  separately  as  much  of  the  solids  of  a  protein- 
free  aqueous  extract  of  dried  yeast  as  had  been  proved  by  other 
experiments  to  furnish  enough  vitamine  for  nearly  normal  growth. 
This  yeast  fraction  was  equal  to  16  per  cent  of  the  original  yeast 
and  the  amount  eaten  contained  nitrogen  equal  to  protein  equiva- 
lent to  1.6  per  cent  of  the  average  amoimt  of  protein  ingested 
during  the  course  of  these  experiments.  In  spite  of  this  large  in- 
crease in  the  vitamine  consumed  and  also  of  a  possible  supple- 
menting of  the  flour  protein  by  the  nitrogenous  constituents  of 
the  yeast  extract  these  rats  grew  little  if  any  better  than  those  of 
Series  A. 

When  the  food  contains  adequate  protein,  but  is  deficient  in 
vitamine,  satisfactory  growth  always  follows  an  addition  of  a 
substantial  quantity  of  vitamine;  hence  we  must  conclude  that 
the  rats  shown  in  Chart  VI,  Series  A,  failed  to  grow  because  the 
proteins  of  the  wheat  endosperm  flour  were  inadequate,  even 
when  these  amounted  to  15  per  cent  of  the  diet. 

Since  wheat  flour  is  rarely  the  sole  source  of  protein  in  the  hu- 
man dietary  it  is  quite  as  important  to  know  the  nutritive  value 
of  the  protein  mixtures  resulting  from  the  combination  of  flour 
with  the  various  food  products  which  are  commonly  eaten  with 
bread,  as  to  know  that  of  the  proteins  of  bread  alone.  Having 
learned  from  the  experiments  already  described  that  the  proteins 
of  the  wheat  endosperm  are  adequate  for  maintenance,  but  in- 
adequate for  normal  growth,  even  when  liberal  quantities  are 
eaten,  we  next  attempted  to  compare  the  rate  of  growth  made  on 
the  proteins  of  flour  alone  with  that  made  on  corresponding  quan- 
tities of  protein,  two-thirds  of  which  was  supplied  by  wheat  flour 
and  one-third  by  egg,  milk,  or  meat,  together  with  vitamine  in 
presumably  adequate  quantity.  Egg  powder  and  whole  milk 
powder  (Merrell  Soule)  were  used  to  furnish  the  proteins  from 
egg  and  milk.  The  meat  was  furnished  by  lean  round  of  beef 
which  was  dried  and  ground  to  a  powder  in  the  laboratory.^^  It 
was  considered,  in  view  of  our  other  numerous  experiments,  that 
the  quantity  of  these  animal  products,  in  conjunction  with  the 
55  to  60  per  cent  of  wheat  flour  included  in  these  diets,  would  fur- 

"  Cf.  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  BioL  Chem.,  1917,  xxxii,  313. 
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nish  an  adequate  amount  of  the  water-soluble  vitamine.  Suffi- 
cient fat-soluble  vitamine  was  provided  for  by  liberal  additions 
of  butter  fat. 


100 

60 
60 

100 
80. 


PAIIUBB  10  Cmw  OH  raSAT  riOQB  FBOXBIJIS 


tl 


Serkes^ 


5eri 


4526^ 


uB 


^^^^ 


ft^'y^l 


B^ys 


Chart  VI.  When  wheat  endosperm  (flour  +  wheat  gluten)  furnishes  the 
sole  source  of  protein  rata  fail  to  grow  (Series  A).  Scarcely  any  improve- 
ment results  when  the  vitamine  content  of  the  food  is  increased  by  addition 
of  a  water  extract  of  yeast  (Scries  B). 

The  composition  of  the  food  mixtures  was  as  follows: 
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The  results  obtained  with  these  diets,  each  of  which  contained 
nitrogen  equal  to  14.8  per  cent  of  protean,  are  shown  in  Chart  VII, 
Periods  1  and  4.     When  the  supplementar>'  proteins  were  re- 
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placed  by  an  equivalent  quantity  of  wheat  gluten,  Period  2,  the 
growth  of  the  animals  was  checked  almost  instantly.  Since  in 
Period  2  flour  was  the  sole  source  of  the  water-soluble  vitamine 
an  additional  amount  was  furnished  during  Period  3,  in  the  form 
of  an  aqueous  extract  of  yeast.  The  rate  of  growth  and  food 
intake  in  most  cases  was  increased  thereby  over  that  in  Period  2, 
but  even  in  Period  3  no  rat  grew  even  approximately  as  rapidly 
as  in  Periods  1  and  4  in  which  the  superior  combination  of  proteins 
was  fed. 

These  results  show  plainly  that  the  supplements — egg,  milk, 
or  meat — enhance  the  value  of  wheat  flour  as  a  source  of  protein 
for  the  growing  animal. 

Since  in  Periods  1  and  4  growth  was  at  the  normal  rate,  pro- 
tein may  have  been  wasted  through  being  consumed  in  greater 
quantity  than  was  actually  needed.  Under  such  circumstances 
if  differences  in  supplementing  value  exist  between  eggs,  milk,  or 
meat  these  would  not  be  revealed.  Accordingly  another  series 
of  experiments  was  made  using  similar  diets  but  containing  only 
10.3  per  cent  of  protein,  a  proportion  supposedly  low  enough  to 
limit  growth  to  less  than  the  normal  rate.  Inasmuch  as  growth 
was  so  slow  on  the  diet  containing  14.8  per  cent  of  protein  derived 
wholly  from  the  wheat  flour  it  seems  fair  to  assume  that  on  this 
diet  growth  was  at  the  maximum  rate  possible  with  this  proportion 
of  protein. 

When  egg  or  milk  powders  were  used  to  supplement  the  flour 
proteins  no  other  source  of  water-soluble  vitamine  was  deemed 
necessary.  Since  flour  and  meat  powder  are  low  in  vitamine  two 
series  of  experiments  were  made  with  the  meat  supplement,  one 
with,  the  other  without,  extra  vitamine  supplied  by  0.2  gm.  of 
dried  yeast  fed  S€iparately  each  day.  The  fat-soluble  vitamine 
was  supplied  by  butter  fat,  allowance  being  made  for  the  fat  in  the 
egg  or  milk  powder,  which  was  assumed  to  have  a  value  equal  to 
that  of  butter  fat  as  a  source  of  this  factor.  Additions  of  lard 
made  the  total  amount  of  fat  in  each  food  25  per  cent,  consequently 
the  total  calorific  value  of  the  several  diets  was  practically  iden- 
tical. The  results  of  these  experiments  are  shown  in  Table  II, 
from  which  it  is  seen  that  decidedly  more  rapid  growth  occurred 
when  the  diet  contained  only  10.3  per  cent  of  protein,  furnished 
by  flour  supplemented  with  egg,  milk,  or  meat,  than  when  it  con- 
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tained  even  50  per  cent  i^ore  protein  derived  entirely  from  the 
wheat  flour. 

The  following  summary''  shows  the  average  relative  gains  of  body 
weight,  per  gni.  of  protein  eaten,  made  by  the  rats  fed  on  these 
different  diets. 


FJour  +  egg 


"     +  milk. 


a 


"     +  meat, 


"     +     "      +  veost. 


+  gluten 


Per  cent  of  protein 
in  food. 

Oain  of  body  weight 
per  gm.  of  protein. 

gm. 

14.8 

2.00 

10.3 

1.80 

14.8 

1.67 

10.3 

1.73 

14.8 

1.73 

10.3 

1.47 

■ 

10.3 

1.66 

14.8 

0.50 

For  the  data  from  which  these  figures  were  derived  see 
Table  II.  From  them  it  appears  that  eggs  or  milk  supplement 
flour  proteins  slightly  more  efficiently  than  does  meat  even  thou^ 
additional  vit amine  was  supplied  by  yeast. 

The  fact  that  in  the  experiments  with  10.3  per  cent  of  protein 
the  total  gain  of  weight  was  so  much  less  than  with  14.8  per  cent 
shows  that  in  the  former  case  protein  was  the  limiting  factor. 
Since  the  gains  ix>r  gm.  of  protein  eaten  were  so  nearly  alike  for 
the  two  concentrations  of  protein,  we  are  justified  in  the  assumpr 
tion  that  the  higher  figures  represent  approximately  the  maximum 
efficiency  of  these  protein  mixtures  for  promoting  growth.  We 
realize  that  such  a  mathematical  expression  of  the  relative  merits 
of  these  food  mixtures  is  not  strictly  justifiable,  because  if  growth 
on  the  flour  proteins  alone  had  \)een  sufficiently  slow  its  amount, 
stated  in  gm.,  would  approach  zero,  at  which  point  the  difference 
between  the  amounts  of  protein  required  would  equal  infinity 
when  flour  protein  alone  is  contrasted  with  its  combinations  with 
the  animal  proteins. 

Having  thus  obtained  evidence  of  the  effect  on  the  nutritive 
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TABLE  II. 
(S«  Chart  VII. 
Gain  of  Body  Weight  Per  Gm.  of  Ingente-d  I'rot 
*perm  (Flour)  Combined  tcilh  Egg.  Milk 
Alone. 
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. 
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'Estimated  (protein  +  carbohydratea  X  4,1,  fat  X  9.3  calorieii). 
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TABLE  II— C« 

,,cluirit. 

1 

i 

Rat, 
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1 

3 

i 

ToUl  iDtaks 

•^Xi" 

■3 

1 

i-^ 

i 

35,8 
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72 

66 

tm. 
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3S 
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1,310 

4*. 
22.4 
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24.5 

»■ 

I.3S 
LIS 
1  55 

. 

36,2 

0,6fi 

1  4T 

Wheat  flour 

"       uluten 
Meat  powder  -t-0  1     
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72 
73 
75 
76 
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37 
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42 

1.070   19, S 
1,095  20.4 
1,220  22-6 
1.270  23.4 

34  5 

29,6 
37,0 

30.2 

0.64 
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0  56 

0.61 

1.5« 
1.S2 
1  46 

1  ao 

Aver»Ke 

32,8 

Wbeftt  flour 

"       glut«n+0.2Kni.     ... 
yeast  extract  daily     J 

14.7 

4874  J 

iS91(f 
49090- 

75 
68 
65 

11 
14 
13 

860 
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805 

25,3 

26,9 
23,7 

65.4 
820 

68,5 

2  30 

1-92 
1.82 

2.01 

0.43 

0.52 
0.55 

AveraRC 

DEO 

*  Estimated  (protein  +  carbohydrates  X  4.1,  fat  X  9.3  calories). 

value  of  wheat  flour  caused  by  combiniaK  it  with  those  animal  prod- 
ucts most  generally  eaten  together  with  bread,  it  remains  to  be 
determined  whether  equally  good  results  may  not  be  secured  by 
leaving  in  the  flour  those  parts  which  are  customarily  separated 
from  it  by  the  miller  and  subsequently  used  to  supplement  the 
protein  deficiencies  of  the  rations  of  farm  animals.  In  making 
experiments  to  decide  this  question  a  little  yeast  was  added  to  the 
diet  because  our  earlier  experience  showed  that  the  endosperm, 
bran,  and  embryo,  fed  alone  in  the  amounts  used,  supphed  too 
little  vitamine  for  normal  growth.  Although  the  proteins  of  the 
yeast  undoubtedly  supplement  those  of  the  wheat,  nevertheless  we 
believe  the  results  of  these  experiments  are  comparable  with  one 
another,  as  well  as  with  those  obtained  with  foods  containing  a 
like  percentage ;  namely,  10.3  per  cent  of  protein  derived  from  whole 
wheat  or  combinations  of  flour  with  eggs,  milk,  or  meat. 
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EffeelB  of  the  Bran  and  Embryo  o 
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*  Estiniatod  (protein  +  carbohydrates  X  4,1,  fat  X  9,3  calor 
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In  order  to  compare  the  supplementing  effect  of  bran  and  em- 
bryo protein  on  the  growth-promoting  power  of  the  endosperm 
protein  with  that  of  the  protein  of  eggs,  milk,  or  meat,  a  mixture 
of  bran  and  embryo  in  the  proportion  in  which  these  occur  in  the 
whole  wheat  kernel  was  used  to  furnish  one-third  of  the  protein; 
i.e. J  the  same  proportion  as  did  the  animal  products  in  the  series 
just  discussed.  The  results  of  these  experiments  are  shown  in 
Table  III,  Series  A. 

From  the  data  given  in  Table  III  we  calculate  that  1  gm.  of  pro- 
tein in  the  ration  fed  to  Series  A  caused  an  average  gain  of  body 
weight  of  1.29  gm.,  somewhat  more  than  when  flour  and  yeast 
supplied  the  protein.  Series  D,  but  decidedly  less  than  when  the 
flour  was  supplemented  by  comparable  quantities  of  the  animal 
proteins  (Table  II). 

To  learn  what  supplementing  effect  the  bran  and  embr>'o  pro- 
teins have  on  the  flour  proteins  when  used  in  the  same  proportions 
as  they  exist  in  the  entire  wheat  kernel,  another  series  of  rats  was 
fed  on  a  diet  fulfilling  these  conditions  (Table  III,  Series  B). 

The  diets  supplied  to  Series  A  and  B  were  much  alike  and  closely 
resembled  in  protein  content  that  used  for  Series  C  which  had  92 
per  cent  of  whole  wheat  mixed  with  5  per  cent  of  butter  fat  and  3 
per  cent  of  salts,  but  with  no  added  yeast.  It  is  interesting  to 
note  that  growth  was  at  approximately  the  same  rate  in  each  series; 
namely,  1.29,  1.36,  and  1.31  gm.  respectively  per  gm.  of  protein 
eaten.  The  conclusion  therefore  seems  justified  that  in  these 
experiments  the  yeast  had  no  appreciable  supplementing  effect  in 
Series  A  and  B." 

Wheat  as  a  Source  of  Water-Soluble  Vitamine, 

Literature. — McCollum  and  Davis^*  found  that  a  ration  contain- 
ing 64  per  cent  of  whole  wheat,  supplemented  by  casein  and  suit- 
able inorganic  salts,  failed  to  promote  continued  growth  and  nor- 
mal reproduction  of  rats  unless  butter  fat  was  also  added  to  the 
diet.  From  this  thev  conclude  that  the  wheat  kernel  contains 
little  of  the  fat-soluble  vitamine. 

M(5Collum,  Simmonds,  and  Pitz'^  state  that  as  small  an  amount 
as  15  per  cent  of  whole  wheat  furnishes  enough  water-soluble  vita- 
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mine  for  completion  of  growth  of  rate  and  the  production  of  a 
nearly  normal  number  of  young,  but  not  enough  to  enable  the 
young  to  develop  to  the  weaning  age. 

The  same  authors^^  found  that  a  commercial  preparation  of 
wheat  embryo  contained  a  moderate  amoimt  of  the  fat-soluble  and 
80  large  an  amount  of  the  water-soluble  vitamine  that  2  per  cent  in 
the  diet  was  sufficient  for  growth  at  the  normal  rate  for  several 
months. 

The  fact  that  the  results  of  experiments  showing  the  presence 
of  the  water-soluble  vitamine  in  food  products  agree  so  well  with 
those  showing  the  presence  of  the  antineuritic  principle  has  led  to 
the  beUef  that  the  symptoms  following  the  absence  of  these  dietary 
factors  from  the  food  are  due  to  a  deficiency  in  the  ration  of  inti- 
mately associated,  if  not  identical,  substances.  Evidence  that  the 
antineuritic  dietary  constituent  is  unequally  distributed  in  differ- 
ent parts  of  the  seed  is  afforded  by  the  newly  published  paper  of 
Voegtlin,  Lake,  and  Myers^^  who  reach  the  following  conclusions: 

**For  pigeons  an  exclusive  diet  of  whole  wheat  or  corn  furnishes  an  ade- 
quate supply  of  antineuritic  vitamine.  The  antineuritic  vitamine  seems  to 
reside  in  the  peripheral  layers  and  the  germ  of  these  seeds,  whereas  the  endo- 
sperm is  relatively  poor  in  this  substance.  If  wheat  and  corn  foods  contain- 
ing only  a  small  percentage  of  the  peripheral  layers  and  germ  of  the  seed  are 
fed  to  pigeons  and  chickens  exclusive  of  other  food,  polyneuritic  symptoms 
appear  on  an  average  of  three  weeks  after  the  beginning  of  the  feeding  pe- 
riod. The  appearance  of  polyneuritis  is  preceded  by  a  gradual  loss  in  body 
weight.  The  birds  can  be  relieved  of  their  paralysis  in  a  striking  way  by 
the  oral  or  subcutaneous  administration  of  a  highly  concentrated  prepara- 
tion of  antineuritic  vitamine  derived  from  'whole  wheat*  bread,  yeast,  ox 
liver,  rice  polishings,  or  beans.  The  addition  of  yeast  (in  amounts  used  by 
bakers)  in  the  preparation  of  bread  from  highly  milled  flour  does  not  pre- 
vent the  appearance  of  polyneuritis  in  birds  fed  on  this  food,  but  prolongs 
slightly  the  period  of  iiicubation.  The  addition  to  'highly  milled*  flour,  or 
bread  made  from  'highly  milled'  flour,  of  a  small  amount  of  antineuritic 
vitamine  preparation  will  correct  this  particular  dietary  deficiency,  and 
will  prevent  the  appearance  of  polyneuritis  and  the  loss  of  body  weight.** 

Experimental, — Adult  rats  fed  on  an  otherwise  adequate  diet,  in 
which  the  water-soluble  vitamine  was  supplied  wholly  by  20  per 
cent  of  ivhent  flour  (see  Chart  VIII,  Period  1)  lost  weight  steadily 

*  "  Voegtlin,  C,  Lake,  G.  C,  and  Myers,  C.  N.,  Public  Health  Rep.,  191S, 
xxxiii,  647,  wherein  some  of  the  earlier  literature  on  this  topic  is  cited. 
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and  quite  rapidly.  When  the  flour  was  replaced  in  Period  2  by 
an  equal  amount  of  finely  ground  whole  wheat  they  were  fully 
maintained  for  a  long  time.  When  later  (in  Period  3)  they  were 
returned  to  the  wheat  flour  diet  all  lost  weight,  but  promptly 
recovered  in  Period  4  when  they  were  given  waternsoluble  vitamine 
in  the  form  of  commercial  wheat  embryo,  whole  wheat,  or  yeast. 

Since  the  impaired  condition,  caused  by  a  diet  deficient  in  water- 
soluble  vitamine,  is  always  followed  by  a  loss  of  appetite,  and  the 
improved  condition  resulting  from  adding  more  of  this  factor  to 
the  diet  is  always  accompanied  by  a  marked  increase  in  food  intake, 
it  is  very  difficult  to  compare  the  relative  vitamine  content  of 
such  food  products  as  wheat  flour  and  whole  wheat. 

An  illustration  is  afiforded  by  Rat  3928,  Chart  VIII,  which,  in 
respect  to  its  food  intake,  behaved  like  the  others.  During  the 
2nd,  3rd,  and  4th  weeks  of  Period  1  this  rat  ate  as  much  of  the  20 
per  cent  flour  food  per  week  as  it  ate  of  the  20  per  cent  whole  wheat 
food  during  any  week  of  Period  2.  However,  during  the  last  week 
of  Period  1  its  food  intake  fell  to  about  two-thirds  of  that  prc\'i- 
ously  eaten.  In  Period  2  its  food  intake  rose  at  once,  so  that  it 
ate  as  much  as  at  the  beginning  of  Period  1.  Its  body  weight  in- 
creased correspondingly  and  remained  constant  when  restricted 
during  the  rest  of  this  period  to  the  same  amount  of  food  as  that 
eaten  in  the  1st  week.  In  Period  3  its  food  intake  during  the  1st 
week  was  the  same  as  that  in  Period  2,  but  during  the  two  subse- 
quent weeks  fell  rapidly,  accompanied  by  a  rapid  loss  of  body 
weight.  Of  course  with  declining  food  intake  on  a  food  containing 
a  fixed  percentage  of  vitamine  the  quantity  of  this  factor  received 
by  the  animal  decreases  proportionately,  hence  the  animal  quickly 
goes  from  bad  to  worse.  Under  such  circumstances  it  is  evident 
thst  comparisons  based  on  the  amount  of  vitamine  actually  con- 
sumed cannot  be  made.  We  have  consequently  been  compelled 
to  make  this  comparison  on  a  percentage  basis  which,  for  practical 
purposes,  furnishes  information  of  value  to  those  who  use  these 
products. 

Growth, — In  agreement  with  the  experience  of  McCollum,  Sim- 
nionds,  and  Pitz^^  we  have  found,  that  provided  they  eat  enough, 
young  rats  grow  well  when  only  15  per  cent  of  the  entire  kernel 
supplies,  the  water-soluble  vitamine  in  an  otherwise  adequate  raP- 
tion  having  an  energy  value  of  5  calories  per  gm.    This  proportion 
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is  evidently  near  the  minimum  required  for  normal  growth,  for 
with  10  per  cent  all  of  the  rats  soon  ceased  to  grow,  but  always 
recovered  when  diets  containing  20  per  cent  of  whole  wheat  were 
fed  (see  Chart  IX,  Rats  4697,  4694,  4699). 

When  wheat  flour  was  used  as  the  sole  source  of  this  vitamine, 
even  as  much  as  50  to  60  per  cent  was  insufficient  to  promote  full 
normal  growth  of  young  rats,  while  30  per  cent  was  barely  enough 
to  maintain  them  (see  Chart  X,  Rats  4520,  4517,  4542).  Rat 
4520  appears  to  be  an  example  of  the  exceptional  animal,  occa- 
sionally met  with,  which  is  able  to  grow  when  supplied  with  a 
much  smaller  amount  of  vitamine  than  is  needed  by  the  average. 
Rats  4570  and  4578  declined  on  diets  containing  30  per  cent  of 
wheat  flour  and  did  not  respond  by  growing  when  the  flour  was 
increased  to  58  per  cent.  In  their  enfeebled  condition  due  to  the 
low  content  of  vitamine  in  the  diet,  these  rats  ate  so  little  food 
containing  58  per  cent  of  flour  that  they  received  a  relatively  small 
quantity  of  the  waternsoluble  vitamine.  The  amount  was,  there- 
fore, much  less  than  that  obtained  from  the  outset  by  Rats  4520, 
4517,  and  4542  on  the  60  per  cent  food,  for  these  Vere  eating  nor- 
mally. In  cases  of  this  kind  we  have  found  that  by  feeding' a  little 
yeast  or  commercial  wheat  embryo  in  addition,  the  food  intake  is 
so  increased  that  after  4  or  5  days  the  yeast  can  be  omitted  and 
thereafter  good  growth  can  be  made  on  the  former  diets  containing 
minimal  amounts  of  vitamine.  We  conclude  that  60  per  cent  of 
wheat  flour  furnishes  less  than  the  optimum  quantity  of  the  water- 
soluble  vitamine. 

Of  the  commercial  embryo  meal  used  in  our  experiments  2  per 
cent  was  a  smaller  quantity  than  we  have  found  to  be  adequate  to 
promote  normal  growth.  On  an  average  food  intake  of  50  gm. 
per  week  the  minimal  quantity  would  therefore  be  more  than  1 
gm.  weekly  (see  Chart  XI). 

In  testing  commercial  wheat  bran  as  a  source  of  waternsoluble 
vitamine  it  was  found  that  when  5  per  cent  was  used  as  the  sole 
source  of  this  vitamine  in  an  otherwise  adequate  ration,  young  rats 
soon  ceased  to  grow  (see  Chart  XII).  AduU  rats,  on  the  other 
hand,  were  not  even  maintained  on  similar  rations  (see  Chart 
XIII).  A  small  amount  of  commercial  embryo  fed  each  day  apart 
from  the  food  mixture  containing  bran  and  in  addition  to  it,  in- 
duced prompt  growth  of  young,  or  recovery  of  adult  rats  (see 
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Charts  XII  and  XIII}.  The  good  effect  of  the  added  embryo 
ceased  when  the  latter  was  discontinued.  Without  the  added  vita- 
mine  none  of  these  rats  would  eat  enoi^;h  food.  When  55  per 
cent  of  commercial  bran,  equal  to  45.5  per  cent  of  pwe  bran,  was 
fed,  as  in  the  experiment  where  bran  was  used  as  the  sole  source 
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Ghaut  XII,  Showing  the  failure  of  wheat  iran  (W.B.)  to  supply  enough 
•atcr-mihible  vi  la  mi  in:.  Periods  I  ami  3.  in  contrast  with  the  rapid  (tain  in 
■eighl.  in  Periods  2  and  4,  eauscd  by  O.I  to  0.2  pn.  of  commercial  wheat 
iTibryo  {W.E.)  fed  each  day  separately  and  in  addition  to  the  aame  diet  aa 
■as  furnished  in  Period  1. 

The  composition  of  the  food  mixture  was  as  follows: 


-Meat  residue* 

Commercial  wheat  bran. . 
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of  protein,  the  addition  of  wheat  embryo  had  no  beneficial  effect, 
showing  that  the  conmicrcial  bran  used  contained  some  water- 
soluble  vitamine. 

Our  numerous  experiments  with  conmiercial  wheat  embryo  meal 
at  first  led  us  to  conclude  that  nearly,  if  not  quite  all  of  the  vita- 
mine  present  in  the  wheat  kernel  is  contained  in  the  embryo. 
Comparisons  of  the  quantities  of  each  of  the  different  commercial 
parts  of  this  seed,  however,  which,  when  used  alone  to  supply 
vitai^Qiine,  sufficed  to  promote  normal  growth,  showed  that  this 
could  not  be  the  case.  Accordingly  we  isolated  the  embiyos  from 
the  kernels,  taking  care  to  obtain  them  in  the  purest  possible  condi- 
tion. To  our  surprise  no  growth  whatever  resulted  when  22  mg. 
of  the  pure  embryo  were  given  daily.    This  amount  is  equal  to 
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Chart  XIII.  Adult  rats  failed  to  be  maintained  for  any  length  of  time 
when  the  water-soluble  vitamine  was  furnished  solely  by  5  per  cent  of  a  com- 
mercial preparation  of  wheat  bran  (W.B.).  Improvement  invariably  fol- 
lowed the  feeding  of  small  doses  of  commercial  wheat  embryo  (W.E.). 

The  composition  of  the  food  mixtures  was  as  follows: 

percent 

Meat  residue* 19 

Wheat  bran 5-10 

Salt  mixturet ^ 

Starch 48-43 

Butter  fat 9 

Lard t 15 

*  See  Osborne,  T.  B.,  and  Mendel,  L.  B.,  J.  Biol.  Chem.y  1917,  xxxii,  313. 
t  See  legend,  Chart  I. 
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Charts  XII  aud  XIII).  Tho  good  effect  of  the  added  embryo 
ceased  wht-n  the  lalti^r  was  discontinued.  Without  the  added  vita- 
mine  none  of  these  rats  would  eat  enough  food.  When  55  per 
cent  of  conunercial  bran,  equal  to  45,5  per  cent  of  pure  bran,  was 
fed,  as  in  tho  experiment  where  bran  was  used  as  the  sole  source 
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i'liH  furnished  in  Period  1. 

The  composition  of  the  food  mixltire  was  as  follows; 
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of  protein,  the  addition  of  wheat  embryo  had  no  beneficial  eflfect, 
showing  that  the  commercial  bran  used  contained  some  water- 
soluble  vitamine. 

Our  numerous  experiments  with  conmiercial  wheat  embryo  meal 
at  first  led  us  to  conclude  that  nearly ,  if  not  quite  all  of  the  vita- 
mine  present  in  the  wheat  kernel  is  contained  in  the  embryo. 
Comparisons  of  the  quantities  of  each  of  the  different  commercial 
parts  of  this  seed,  however,  which,  when  used  alone  to  supply 
vitaipine,  sufficed  to  promote  normal  growth,  showed  that  this 
could  not  be  the  case.  Accprdingly  we  isolated  the  embiyos  from 
the  kernels,  taking  care  to  obtain  them  in  the  purest  possible  condi- 
tion. To  our  surprise  no  growth  whatever  resulted  when  22  mg. 
of  the  pure  embryo  were  given  daily.    This  amount  is  equal  to 


260 


2001 


DayA 


Chart  XIII.  Adult  rats  failed  to  be  maintained  for  any  length  of  time 
when  the  water-soluble  vitamine  was  furnished  solely  by  5  per  cent  of  a  com- 
mercial preparation  of  wheat  bran  (W.B.).  Improvement  invariably  fol- 
lowed the  feeding  of  small  doses  of  commercial  wheat  embryo  (W.E.). 

The  composition  of  the  food  mixtures  was  as  follows : 

percent 

Meat  residue* 19 

Wheat  bran 5-10 

Salt  mixturef 4- 

Starch 48-43 

Butter  fat 9 

Lard ! 15 

*  See  Osborne,  T.  B.,  and  Mendel.  L.  B.,  J.  Biol.  Chem.j  1917,  xxxii,  313. 
t  See  legend,  Chart  I. 
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the  embryo  in  the  15  per  cent  of  whole  wheat  used  in  the  experi- 
ments shown  in  Chart  IX,  assuming  an  average  food  intake  of  70 
gm.  per  week.  The  vitamine  thus  supplied  was  sufficient  to  pro- 
mote practically  normal  growth.  When  the  pure  embrj^o  was 
given  in  successively  increasing  amounts  up  to  150  mg.  the  result 
was  the  same.  Although  none  of  these  rats  gained  appreciably  in 
weight,  none  of  them  declined.  Thus  one  rat,  which  weighed  65 
gm.  at  the  .l)eginning  of  the  experiment,  weighed  only  76  gm.  after 
71  days,  a  gain  of  only  11  gm.,  instead  of  115  gm.  which  it  should 
have  made  under  normal  conditions..  Although  growth  practi- 
cally failed,  maintenance  was  perfect.  Other  experiments  con- 
firrtied  this  result.  On  the  same  diet,  with  no  added  source  of  vita- 
mine, a  prompt  and  rapid  loss  of  weight  always  occurred. 

Since  Rats  3997  and  4004  (see  Chart  XI)  when  supplied  with 
commercial  embryo  meal  in  quantity  equal  to  180  mg.  daily  of  the 
pure  embryo  grew  normally,  while  Rat  4002  which  had  the  equiv- 
alent of  only  60  mg.  daily  of  pure  embryo  grew  only  a  little  less 
rapidly,  we  must  conclude  that  the  150  mg.  of  the  pure  isolated 
(^mbryos  given  in  this  experiment  should  have  caused  good  growth 
if  the  water-soluble  vitamine  of  the  wheat  kernel  is  a  single  sub- 
stance present  only  in  the  embryo. 

To  determine  whether  the  embryo  actually  contributes  any- 
thing to  the  vitamine  content  of  the  entire  kernel  we  removed  the 
embryos  from  a  quantity  of  wheat,  taking  care  -to  leave  as  little 
as  possible  adhering  to  the  seed,  and  we  believe  that  at  the  most 
only  V(»ry  small  traces  escaped  removal.  When  these  embr>'0-free 
kernels  were  fed  as  the  sole  source  of  water-soluble  vitamine  they 
proved  quite  as  efficient  in  promoting  growth  as  did  the  entire 
wheat  kernel. 

We  next  cut  off  about  one-quarter  of  the  embryo-free  grain  at 
the  embryo  end  of  the  seed  and  fed  each  part  separately  as  a  soiu-ce 
of  vitamine.  In  comparable  quantities  the  end  near  the  embrj^o 
WPS  more  efficient  than  the  remainder  of  the  seed  though  the 
Iatt(^r  wiis  by  no  means  devoid  of  activity.  Combining  pure  em- 
l)iy()  with  either  of  these  parts  of  the  kernel  made  no  apparent 
(liff(M*ence  in  the  n^sults. 

I'he  riits  f(*d  on  diets  in  which  the  pure  embryo  alone  supplied 
viti'jnine  were  well  nuiintainod  for  many  weeks  without  evidence 
of  impaired  vigor;  but  no  appreciai>le  growth  was  made.     On  the 
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other  hand  the  remainder  of  the  seed  was  capable  of  promoting 
practically  normal  growth.  These  observations-  raise  a  question 
as  to  whether  the  waternsoluble  vitamine  is  a  single  substance  or  a 
mixture  of  two  or  more. 

It  thus  appears  that  the  vitamine  is  located  in  the  endosperm, 
but  is  not  uniformly  distributed  throughout  it.  This  conclusion 
is  not  at  variance  with  our  experiments  with  wheat  flour  or  com- 
mercial embryo  meal  nor  with  Voegtlin,  Lake,  and  Myers'  discov- 
ery that  patent  flour  is  practically  free  from  vitamine.  In  making 
flour  by  gradual  reduction  the  grain  is  broken  into  successively 
smaller  particles,  a  bolting  process  being  interposed  between  the 
breaks.  The  finer  particles,  which  represent  the  more  friable  part 
of  the  endosperm,  are  thus  sifted  out  and-  the  larger  and  harder 
particles  which  remain  on  the  sieves  are  ground  into  patent  flour. 
If  the  vitamine  is  in  fact  concentrated  in  the  softer  parts  of  the 
endosperm  we  should  expect  the  patent  flour  to  be  nearly  free 
therefrom  and  the  lower  grades  to  be  correspondingly  richer 
therein.  The  high  vitamine  activity  of  the  commercial  embryo 
meal  may  be  caused  by  a  considerable  proportion  of  the  softer 
parts  of  the  endosperm  adjacent  to  the  embryo  which  in  the  mill- 
ing process  is  removed  together  with  that  part  of  the  seed. 
Voegtlin,  Lake,  and  Myers  say  that  "the  antineuritic  vitamine 
seems  to  reside  in  the  peripheral  layers  and  the  germ  of  these 
seeds,  whereas  the  endosperm  is  relatively  poor  in  this  substance." 

Our  experiments  appear  to  make  it  certain  that  if  the  vitamine 
is  a  single  substance  needed  for  adequate  nutrition,  it  must  there- 
fore be  a  constituent  of  the  endosperm. 

Alleged  Toxicity  of  Wheat 

In  a  series  of  papers  from  the  Wisconsin  Agricultural  Experiment 
Station'®  upon  the  effects  of  rations  derived  from  restricted  plant 

"  Hart,  E.  B.,  and  McCollum,  E.  V.,  /.  BioL  Chem.,  1914,  xix,  373. 
McCollum,  E.  v.,  Simmonds^  N.,  and  Pitz,  W.,  ibid.,  1916,  xxv,  105.  Hart, 
E.  B.,  Miller,  W.  S.,  and  McCollum,  E.  V.,  ibid.,  1916,  xxv,  239.  Hart,  E. 
B.,  McCollum,  E.  V.,  Steenbock,  H.,  and  Humphrey,  G.  C,  Proc.  Nat. 
Acad.  Sc,  1917,  iii,  374;  J.  Agric.  Research,  1917,  x,  175.  Hart,  E.  B., 
Steenbock,  H.,  and  Humphrey,  G.  C,  Univ.  Wisconsin  Agric.  Exp.  Sta., 
Bull.  287,  1918. 
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sources  it  has  repeatedly  been  alleged  that  wheat  contains  a  toxic 
substance.  The  **  inherent  toxicity"  of  the  wheat  grains  is  said  to 
reside  particularly  in  the  embryo.  It  is  reported  that  acKlition 
of  a  large  amount  of  wheat  embryo  frequently  produced  an  early 
abortion  in  cattle.  Diets  high  in  their  wheat  content  were  regarded 
as  particularly  injurious  to  the  progeny.  The  toxicity  is  stated 
to  assert  itself  even  in  the  presence  of  all  the  recognized  factors  for 
growth.  In  the  case  of  swine,*^  for  example,  the  investigators 
state: 

'*Only  in  the  presence  of  very  liberal  quantities  of  all  these  factors  can 
the  eflfect  of  the  toxicity  be  overcome.  This  toxicity  manifests  its  action 
by  producing  important  histological  changes  in  the  nervous  system  of  the 
animal,  not  unlike  those  recorded  for  beri-beri.  No  one  important  factor 
for  growth,  such  as  better  proteins,  salts  or  fat-soluble  A,  appears  able  to 
act  as  a  complete  corrective  for  this  toxicity." 

Doubts  respecting  the  validity  of  such  conclusions  have  already 
been  referred  to.  We  have  succeeded  in  growing  many  rats  over 
a  period  of  a  year  when  whole  wheat  supplied  the  protein  and 
water-soluble  vitamine.  Females  have  borne  litters  containing  an 
average  number  of  young  (Chart  II).  Three  litters  of  these  have 
survived,  but  all  were  undersized  though  apparently  vigorous. 
This  failure  of  rats  fed  on  92  per  cent  of  whole  wheat  to  produce 
young  of  normal  size  is  not  at  variance  with  the  observations  of  the 
Wisconsin  investigators. 

When  commercial  wheat  embryo  to  the  extent  of  50  per  cent 
of  the  diet  supplied  all  of  the  protein  and  water-soluble  vitamine 
during  nearly  a  year  the  rats  grew  well  as  a  rule  and  bore  several 
litters  of  young  (Chart  IV).  Nearly  one-half  of  these  young  either 
died  or  were  eaten.  This  relatively  high  mortality  is,  however, 
not  much  if  any  greater  than  we  have  encountered  in  raising  rats 
under  experimental  conditions.  Inasmuch  as  the  surviving  young, 
kept  on  the  same  diet,  are  growing  at  a  nearly  normal  rat€  (see 
Chart  XIV)  we  do  not  regard  the  mortality  as  evidence  of  toxicity 
in  this  diet.  The  females  might  have  bred  more  frequently  if  they 
had  been  mated  more  often. 

In  view  of  the  successful  outcome  of  these  experiments  with  diets 
containing  such  a  large  proportion  of  the  embrj'^o,  in  which  the 

"  Hart,  E.  B.,  Miller,  W.  S.,  and  McCollum,  E.  V.,  J.  Biol.  Chem.,  1916, 
XXV,  239. 
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"poisonous"  factor  has  been  assumed  to  be  concentrated,  we  are 
not  prepared  as  yet  to  accept  the  view  that  the  wheat  kernel  con- 
tains a  "toxic"  substance.  The  failure  of  the  rats  on  the  92  per 
cent  whole  wheat  diet  to  reproduce  quite  normally  may  be- attrib- 
uted as  well  to  abnormal  and  inappropriate  proportions  of  other- 
wise desirable  food  factors  as  to  anything  that  may  be  properly 
designated  as  poisonous.  It  is  unfortunate  that  a  prejudice  has 
been  created  against  wheat  before  convincing  evidence  of  the  ex- 
istence of  a  poison  has  been  thoroughly  substantiated. 

To  What  Extent  Should  Wheat  Be  Milled? 

The  economical  use  of  the  wheat  kernel  demands  that  its  differ- 
ent parts  be  fed  under  conditions  such  as  will  ensure  their  most 
complete  utilization.  Heretofore  the  discussion  of  this  problem 
has  centered  chiefly  about  the  digestibility  of  the  nutrients  fur- 
nished by  highly  milled  flour  and  that  made  by  grinding  the  entire 
seed.^^  Recognition  of  the  wide  differences  in  nutritive  value  of 
proteins  from  different  sources,  as  well  as  the  need  of  those  acces- 
sory food  substances  known  as  vitamines,  has  put  in  a  new  light 
the  question  as  to  the  degree  to  which  the  wheat  kernel  should  be 
milled.  Before  reaching  a  final  conclusion  some  of  the  results  of 
the  experiments  described  in  this  paper  deserve  consideration. 

It  has  been  shown  that  flour,  when  used  as  the  sole  source  of  pro- 
tein, is  inferior  to  other  foods  in  maintaining  adult  rats,  and  es- 
pecially in  promoting  the  growth  of  young;  that  when  combined 
with  about  one-third  of  their  weight  of  the  proteins  furnished  by 
eggs,  milk,  or  meat,  the  wheat  proteins  are  so  greatly  enhanced  in 
value  that  flour  is  thus  used  most  advantageously;  that  the  content 
of  water-soluble  vitamine  in  flour  as  usually  made  is  relatively 
small;  that  the  proteins  of  the  bran  and  embryo  are  superior  in 
nutritive  value  to  those  of  the  endosperm,  from  which  white  flour 
is  made;  and  that  commercial  preparations  of  the  embryo  contain 
a  relatively  large  amount  of  the  water-soluble  vitamine: 

Since  by  far  the  greater  part  of  the  flour  used  in  this  country  is 
eaten  in  combination  with  those  food  products  which  successfully 
fiupplement  the  nutritive  deficiencies  of  its  proteins  to  a  far  greater 

**  Various  aspects  of  the  question  have  been  presented  anew  by  Snyder, 
H.,  Science,  1918,  xlvii,  429;  and  Dutcher,  R.  A.,  t6id.,  1918,  xlvii,  228. 
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extent  than  do  the  bran  and  embryo  of  the  entire  kernel,  no  prac- 
tical advantage  on  this  score  can  be  expected  by  converting  the 
entire  grain  into  flour.  It  is  true  that  commercial  embryo  meal 
is  rich  in  water-soluble  vitamine  and  that  patent  flour  is  much 
poorer  in  this  food  factor  than  flour  containing  all  parts  of  the 
grain.  Nevertheless  it  is  almost  certain  from  what  has  been 
learned  of  the  vitamine  content  of  the  other  food  products  com- 
monly eaten  with  bread  that  the  vitamine  deficiencies  of  patent 
flour  are  made  good  thereby.  That  this  is  the  case  is  also  sup- 
ported by  the  fact  that  the  great  majority  of  people  who  live  on 
the  dietaries  which  prevail  in  this  country  show  no  evidence  of  ill 
effects  which  indicate  deficiencies  in  the  amount  of  vitamines  they 
are  receiving. 

Furthcnnore,  since  the  nutrients  of  bran  are  poorly  utilized  by 
mankind  a  waste  of  food,  though  probably  not  large,  results  when 
the  bran  is  included  in  the  flour.  Although  the  constituents  of 
the  embryo  have  a  high  nutritive  value  the  embryo  forms  so  small 
a  part  of  the  entire  kernel,  and  so  impairs  the  keeping  qualities  of 
the  flour,  that  probably  the  nutritive  advantages  of  including  the 
embryo  in  the  flour  are  more  than  counterbalanced  by  the  practical 
disadvantages.** 

We  therefore  feel  justified  in  the  conclusion  that,  except  in 
special  cases,  little  can  be  gained  by  including  bran  and  embryo 
in  the  flour  when  this  is  used  under  the  conditions  prevailing  in 
this  country. 

When  we  consider  that  the  rations  of  farm  animals  are  generally 
of  such  a  character  that  protein  supplements  are  needed  to  increase 
the  proportion,  as  well  as  to  supplement  the  chemical  deficiencies 
of  their  protein,  the  question' arises  whether  it  is  more  profitable 
to  feed  the  by-products  of  milling  to  animals  or  to  man.  The  su- 
perior supplementing  value  of  the  animal  proteins  produced  by  the 
former  procedure  when  used  with  wheat  flour,  compared  with  that 
of  the  proteins  of  bran,  as  we  have  sho^\^l  in  this  paper,  certainly 
reduces  the  loss  that  has  heretofore  been  assumed  to  result  from 
this  practice. 

Experience  has  shown  that  the  proteins  of  bran  are  not  readily 
digested  by  man  and  that  intestinal  disturbances  are  not  infre- 

"  Taylor,  A.  E.,  War  bread,  New  York,  1918. 
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quently  attributed  to  the  presence  of  such  amounts  of  bran  as  are 
present  in  flour  made  by  grinding  the  entire  seed.  Furthermore 
agriculturists  are  convinced  that  wheat  bran  is  a  valuable  source 
of  protein  in  the  ration  of  farm  animals.  With  this  conviction  the 
results  of  our  experiments  agree. 

Armsby^  has  recently  demonstrated  that  coarse  fodders,  unfit 
for  human  food,  provide  sufficient  nutriment  for  the  maintenance 
of  farm  animals,  and  that  the  energy  of  the  concentrated  cereal 
products  supplied  in  addition  thereto  is  utilized  to  an  extent  of  60 
to  85  per  cent  for  the  production  of  human  food.  This  view,  in 
conjunction  with  the  fact  that  animal  proteins  thus  produced, 
when  eaten  together  with  flour,  render  a  smaller  quantity  capable 
of  supplying  the  protein  requirements  of  the  young,  and  perhaps 
also  those  of  adults,  further  supports  Lusk's  conclusion,  which  was 
based  solely  on  Armsby's  data,  that  "it  is  evident  that  food  is  best 
conserved  for  man  when  edible  grains  are  taken  to  the  miller  and 
the  bran  is  used  in  meat  production."** 

We  can  expect,  therefore,  that  the  by-products  of  milling  will 
be  better  utilized  on  the  farm  than  on  the  table.  It  is  difficult  to 
establish  what  their  relative  value  is  when  used  as  human  food  or 
fed  to  farm  animals.  Many  other  factors  than  those  of  nutrition 
enter  when  this  question  is  dealt  with  in  practice;  but  apart 
from  these,  it  has  been  made  plain  by  this  investigation,  that  one 
has  heretofore  not  received  proper  consideration.  Bran  and  em- 
bryo together  form  about  17  per  cent  of  the  wheat  kernel;  the  endo- 
sperm from  which  flour  is  made  forms  the  remaining  83  per  cent. 
About  one-half  as  much  flour  eaten  with  the  animal  products,  in 
such  proportion  that  one-third  of  the  protein  is  furnished  by  the 
latter,  is  capable  of  satisfying  the  protein  requirements  as  when  flour 
alone  furnishes  all  of  the  protein.  If,  therefore,  about  80  per  cent 
of  the  wheat  kernel  can  be  so  improved  in  nutritive  value  by  add- 
ing animal  products  to  the  diet  that  a  much  smaller  amount  of 
flour  will  satisfy  the  protein  needs  of  nutrition,  it  may  well  be  that 
the  use  of  the  by-products  of  milling  for  the  production  of  nieat, 
milk,  or  eggs  will  result  in  a  greater  economy  in  the  use  of  floiii* 
than  if  these  were  used  directly  for  human  food. 

"  Armsby,  H.  P.,  The  conaorviition  of  food  encrg>',  Philadelphia.  1918, 
"  Lusk,  G..  Science,  191S,  xlviii,  447. 
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To  what  extent  the  consumption  of  wheat  flour  may  be  reduced 
by  additions  of  animal  proteins  to  the  ration  will  depend  largely 
on  individual  requirements.  Adults  engaged  in  hard  labor,  whose 
calorific  needs  arc  high,  can  probably  meet  their  demand  for  pro- 
tein by  the  small  percentage  of  relatively  poor  protein  which  flour 
supplies.  On  the  other  hand  it  may  be  that  those  of  sedentar}' 
habits,  as  well  as  growing  children,  can  be  better  and  more  eco- 
nomically fed  when  a  suitable  addition  of  eggs,  milk,  or  meat  is 
made  to  the  bread  ration. 

In  view  of  the  foregoing  considerations  the  aim  of  the  miller 
should  be  to  effect  such  a  separation  of  the  other  parts  of  the  wheat 
kernel  from  the  endosperm  as  will  lead  to  a  minimal  transfer  of 
the  latter  into  offal.  Every  grade  of  flour  which  is  made  with  a 
loss  of  endosperm  into  milling  by-products  represents  a  loss  of 
human  nutrients. 

Whenever  bread  made  from  highly  milled  flour  forms  an  unduly 
large  proportion  of  the  diet  of  children  the  vitamine  deficiencies 
which  the  experiments  described  in  this  paper  make  so  evident, 
may  lead  to  malnutrition.  In  this  country  there  is  relatively  little 
occasion  to  be  concerned  on  this  score,  because,  as  we  have  already 
pointed  out,  the  food  habits  of  our  people  are  such  as  to  make 
cases  of  this  kind  comparatively  rare. 

That  a  real  danger  may  be  incurred  by  a  too  exclusive  use  of 
bread  made  from  highly  milled  wheat  is  shown  by  numerous  cases 
referred  to  by  Chick  and  Hume.'*  They  have  reported  that 
among  groups  of  people  living  on  restricted  diets  in  which  bread 
made  from  patent  flour  formed  a  large  proportion  of  the  total 
ration,  beri-beri  was  very  common;  whereas  people  living  on.simi- 
lar  diets,  but  with  bread  made  from  the  entire  kernel  replacing 
that  made  from  patent  flour,  were  rarely  affected. 

SUMMARY. 

The  quantity  of  protein  furnished  by  the  entire  wheat  kernel 
which  is  necessary  for  continued  maintenance  of  adult  rats  is 
greater  than  that  required  when  proteins  of  milk  or  of  various 

»•  Chick,  H.,  and  Hume,  M.,  Tr.  Soc.  Trap.  Med.  and  Hyg.,  1916-17,  x, 
141;  Proc.  Roy.  Soc.  London,  Series  B,  1917,  xc,  44,  60. 
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other  food  products  are  fed.  For  the  normal  growth  of  the  young 
this  difference  is  much  more  pronounced. 

The  "crude  protein"  of  the  commercial  embryo  is  superior  to 
that  of  the  entire  kernel  or  of  the  endosperm  in  maintaining 
adults.  For  satisfying  the  needs  of  growing  rat«  the  embryo  pro- 
teins are  somewhat  more  eflSicient  than  are  those  of  the  entire 
kernel  and  much  more  eflBcient  than  are  those  of  the  endosperm. 

The  "crude  protein"  of  conmiercial  bran  if  eaten  in  sufficient 
quantity  is  somewhat  superior  to  that  of  conamercial  embryo  and 
decidedly  superior  to  that  of  the  endosperm  in  promoting  the 
growth  of  young  rats. 

For  maintaining  adults  the  proteins  of  the  endosperm  are  ade- 
quate; they  are  inadequate  for  growth.  Additions  of  meat,  milk, 
or  eggs  to  wheat  flour  so  greatly  enhance  the  value  of  the  protein 
for  growth  that  a  great  economy  in  consumption  of  protein  results. 
Under  the  ordinary  human  dietary  conditions  the  proteins  of 
wheat  are  advantageously  employed. 

Commercial  wheat  embryo  is  rich  in  the  water-fioluble  vitamine. 
Commercial  bran  and  flour  contain  much  less  of  this  important 
food  factor.  The  pure  embryo,  carefully  separated  from  all  the 
other  parts  of  the  seed  and  used  as  the  sole  source  of  vitamine  suf- 
fices to  maintain  young  rats,  but  fails  to  promote  their  growth, 
even  when  supplied  in  quantities  equal  to  the  amount  of  pure  em- 
bryo contained  in  such  quantities  of  the  commercial  embryo  as 
were  suflBicient  to  promote  full  normal  growth.  Wheat  kernels 
from  which  the  embryo  has  been  carefully  removed  ai-e  still  rich 
in  water-soluble  vitamine. 

Rats  fed  for  1  year  from  the  time  of  weaning  oh  diets  containing 
92  per  cent  of  wheat  or  50  per  cent  of  commercial  wheat  embryo 
reached  full  maturity  without  giving  any  evidence  that  wheat  con- 
tains a  toxic  substance. 

The  relation  of  these  experiments  to  the  problems  raii*ed  by 
modern  milling  methods  and  the  degree  to  which  it  is  desirable  to 
mill  flour  for  general  use  has  been  discussed. 
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